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Abstract:

Objective The low-density lipoprotein cholesterol (LDL) level is known to increase following the treatment
of hepatitis C virus (HCV) infection using direct-acting antiviral agents (DAAs). This study aimed to investi-
gate the changes in the lipid profiles, including small-dense LDL cholesterol (sdLDL), in HCV patients
treated with DAAs.

Patients We retrospectively assessed 67 HCV patients who achieved sustained virological response with
DAA administration and were observed for more than 2 years, of whom 32 were on daclatasvir/asunaprevir,
14 were on sofosbuvit/ledipasvir, and 21 were on sofosbuvir/ribavirin.

Methods We evaluated the lipid profiles, including sdLDL, every 6 months until 2 years after the start of
treatment and analyzed the factors related to changes in the sdLDL level.

Results The median sdLDL value at baseline was 12.8 mg/dL, which increased to 19.5 mg/dL at 6 months
(p<0.001) and remained elevated at 25.4 mg/dL at 2 years later (p<0.001). The Kaplan-Meier curve indicated
that patients with high values of LDL, albumin, muscle attenuation and visceral to subcutaneous adipose tis-
sue area ratio were at increased risk for elevation of sdLDL over 35 mg/dL (log-rank test: p<0.001; p=0.008,
p=0.002 and p=0.042, respectively). A multivariate analysis performed on the factors contributing to elevation
of sdLDL 2 years after DAA treatment (235.0 mg/dL) revealed pretreatment LDL (291.0 mg/dL) and muscle
attenuation (233.7 HU) as significant factors (p=0.007 and p=0.032, respectively).

Conclusion SdLDL increased continuously after DAA treatment, and high LDL levels and low intramuscu-
lar fat deposition before treatment contributed to elevated sdLDL levels after treatment.

Key words: hepatitis C virus, direct-acting antiviral agents, intramuscular fat deposition, small dense
low-density lipoprotein cholesterol
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Chronic HCV infection is also associated with metabolic

Introduction disorders, such as fatty liver, diabetes, and dyslipidemia (2).

Recently, interferon-free regimens composed of direct-acting

Hepatitis C virus (HCV) infection is one of the most antiviral agents (DAA) were developed (3-5). DAA treat-
common chronic diseases worldwide and a major cause of ment for patients with HCV infection has been shown to in-
liver cirrhosis and hepatocellular carcinoma (HCC) (1). duce a sustained virological response (SVR) in many cases.
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Patients enrolled in this study. CT: computed tomography, DAA: direct-acting antiviral

agents, HCV: hepatitis C virus, SVR: sustained virological response

Similar to interferon therapy, SVR induced by DAAs is as-
sociated with a reduction in the HCC risk (6).

Changes in the lipid profiles after DAA administration
have been reported in recent years. The life cycle of HCV is
closely related to the lipid metabolism (2, 7). In 2015, an-
tiviral therapy using sofosbuvir (SOF) and ribavirin (RBV)
was reported to increase the serum low-density lipoprotein
cholesterol (LDL) level in patients infected with the HCV
genotype 1 by week 4 and sustained at week 24 (end of
treatment) until week 36 (8). Subsequently, changes in the
lipid profiles were also reported after the administration of
mainly daclatasvir (DCV)/asunaprevir (ASV), SOF/ledipas-
vir (LDV), and SOF/RBV (9-13).

LDL contains fractions of large buoyant particles and
small-dense particles (14). Small-dense LDL (sdLDL) parti-
cles have a low-binding affinity to LDL receptors, tend to
penetrate the arterial wall, and are susceptible to oxidative
stress. A simple precipitation assay for selective and direct
measurement of serum sdLDL was developed in 2003 (15).
Recently, using this quantitative method, sdLDL was found
to be a predictive factor of coronary artery diseases
(CADs) (16-20).

Previous reports have indicated that the sdLDL level,
measured after HCV eradication using DAAs, is associated
with carotid intima-media thickness (IMT) (21), liver steato-
sis, and dyslipidemia (22). However, to our knowledge, no
studies have so far investigated the long-term outcomes of
DAAs and factors that influence the relationship between
DAA treatment and LDL profiles, including sdLDL, over a
one-year period. Thus, this study aimed to investigate
changes in lipid profiles, including sdLDL, in HCV patients

treated with DAAs and to analyze the factors related to
sdLDL changes.

Materials and Methods

Study participants

A total of 310 HCV patients with chronic hepatitis and
liver cirrhosis were started on an interferon-free treatment at
a university hospital and medical center from September
2014 to March 2016. Chronic HCV infection was diagnosed
by detecting the positivity of anti-HCV antibody and HCV-
ribonucleic acid (RNA). Cases were included if they could
be followed for >2 years from the start of treatment and
sdLDL could be measured from conserved serum every 6
months. The exclusion criteria were 1) patients who under-
went liver transplantation (n=17), 2) patients who did not
achieve SVR (n=6), and 3) insufficient data, such as a short
observation period and the absence of lipid profile data and
computed tomography (CT) analysis (n=220). Finally, a total
of 67 patients were eligible for inclusion in this retrospec-
tive study (Fig. 1).

Treatment regimen

A combination therapy of DCV (Daklinza®, Bristol-Myers
Squibb, New York, USA) (60 mg, once daily) and ASV
(Sunvepra®, Bristol-Myers Squibb) (100 mg, twice daily)
was taken orally for 24 weeks, SOF (400 mg, once daily)
and LDV (90 mg, once daily) (Harvonii'{, Giliad Sciences,
Foster City, USA) for 12 weeks, and SOF (Sovaldi<m, Gilead
Sciences) (400 mg once daily) and RBV (600 mg, 800 mg,
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or 1,000 mg daily according to body weight) for 12 weeks.
DCV/ASV and SOF/LDV were administered to patients in-
fected with HCV genotype 1b, and SOF/RBV was adminis-
tered to patients infected with HCV genotype 2a/2b. The
SVR was determined by confirming the negativity of HCV-
RNA at 12 weeks after DAA administration.

Study design

Lipid profiles, including sdLDL, were evaluated at base-
line, 0.5, 1, 1.5, and 2 years after the start of treatment.
sdLDL levels were measured from the conserved serum at
the same blood sampling date. The sdLDL increase rate af-
ter the 2-year treatment was compared according to DAAs
and HCV genotypes. Patients were divided into two groups
by the sdLDL levels at 35 mg/dL 2 years after the treat-
ment, and the factors contributing to elevated sdLDL levels
were analyzed.

Demographic data and laboratory measurements

The demographic data including age, sex, medical history,
body mass index (BMI), and laboratory data before the
treatment were collected. BMI was calculated by dividing
patients” weight (kg) by the square of their height (m).
Laboratory data included alanine 2-oxoglutarate aminotrans-
ferase (ALT), serum albumin, LDL, high-density lipoprotein
cholesterol (HDL), TG, and alpha-fetoprotein (AFP). The
fibrosis-4 (FIB-4) index was calculated using the following
equation: [age (years)xaspartate 2-oxoglutarate aminotrans-
ferase (U/L)]/[platelet count (10*/uL)x10xALT (U/L)"]. Hy-
pertension and diabetes mellitus were determined by the
medical history, using of medications, and the diagnostic
criteria. Hypertension was defined as blood pressure 2140/
90 mmHg (23). Diabetes mellitus was defined as a fasting
blood glucose 2126 mg/dL or hemoglobin Alc 26.5% (23).
SdLDL was measured using a homogeneous assay (sd LDL-
EX, Denka Seiken, Tokyo, Japan). Biochemistry tests in-
cluding those for sdLDL were performed on BioMajesty
JCA-BM6070 (JEOL, Tokyo, Japan).

CT analyses of body composition variables

CT was performed within 1 month before or after screen-
ing for HCC prior to DAA treatments. CT images of the
third lumbar vertebra (L3) were analyzed using Slice-O-
Matic software (version 5.0; Tomovision, Montreal, Canada)
to determine both the skeletal muscle and adipose tissue ar-
eas. Each tissue was demarcated using previously reported
Hounsfield unit (HU) thresholds (24). The skeletal muscle
was identified at -29 to +150 HU. Subcutaneous adipose tis-
sue (SAT) was defined as -190 to -30 HU and visceral adi-
pose tissue (VAT) as -150 to -50 HU. The skeletal muscle
was normalized by dividing the area by the square of the
height, and called the skeletal muscle index (SMI) (25). To
evaluate the quality of skeletal muscle and intramuscular fat
deposition, the CT attenuation value of the skeletal muscle
in the L3 region was measured, the average of which was
called muscle attenuation (MA). In addition, the visceral to

subcutaneous adipose tissue area ratio (VSR) was calculated
to assess abdominal adipose tissue distributions.

Statistical analysis

The data were analyzed using the Stata software program
version 15 (StataCorp, College Station, USA). Continuous
data were expressed as medians [interquartile range (IQR)].
Changes in the LDL, sdLDL, HDL, and TG levels were
compared using the Wilcoxon signed-rank test. The sdLDL
increase rates in the 2-year treatment according to DAAs
and genotypes were compared using the Kruskal-Wallis test.
The Mann-Whitney U test was used to compare two groups,
divided based on the sdLDL value at 35 mg/dL 2 years after
the treatment. Multinomial variables were compared with
chi-square tests. In patients divided into the two groups, the
cumulative incidence of the increase in sdLDL 235 mg/dL
was estimated by the Kaplan-Meier method and assessed us-
ing the log-rank test. Laboratory data were dichotomized
with the median value at baseline. Body composition vari-
ables were divided by the cut-off points (SMI, MA, and
VSR) determined by analyzing the receiver operating char-
acteristic (ROC) curve. The Cox regression analysis was
used to identify risk factors of sdLDL increase. Age, sex,
and variables with p<0.20 were selected for the multiple re-
gression model. Values of p<0.05 were considered to be sta-
tistically significant.

Ethical consideration

Informed consent was obtained from each patient, and the
study protocol was approved by the ethical committee of
each hospital and conformed to the ethical guidelines of the
1975 Declaration of Helsinki.

Results

Baseline characteristics

The baseline characteristics of the patients are shown in
Table 1. The median age was 70.0 years. There were 27
(40.3%) men and 40 (59.7%) women. 32 patients received
DCV/ASV, 14 received SOV/LDV, and 21 received SOF/
RBV. The median LDL level at baseline was 91.0 (IQR 79-
110) mg/dL,, HDL was 57.0 (IQR 45-65) mg/dL, TG was
100.0 IQR 76-131) mg/dL, and sdLDL was 12.8 (IQR 9-
19) mg/dL. Four patients (6.0%) were treated with statins.

Changes in serum lipid profiles

The boxplots of the changes of each lipid profile are il-
lustrated in Fig. 2. The median LDL level increased from
91.0 to 112.0 (IQR 98-132) mg/dL in 6 months after treat-
ment (p<0.001) and remained elevated at 114.0 (IQR 91-
133) mg/dL at 2 years after treatment (p<0.001). The me-
dian sdLDL level also increased from 12.8 to 19.5 (IQR 14-
26) mg/dL at 6 months after treatment (p<0.001) and re-
mained elevated at 25.4 (IQR 20-36) mg/dL 2 years after
treatment (p<0.001). The median HDL levels at 6 months
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Table 1. Baseline Characteristics of Patients.

Characteristics n (interquartile range, %)

Age, years 70.0 (62-77)
Sex, male/female 27/40
BMI 22.5(21-24)
Genotype 1B/2A/2B 46/17/4
DAA DA/SL/SR 32/14/21
HCV-RNA (log IU/mL) 6.20 (5.6-6.6)
Alb (g/dL) 4.10 (3.7-4.3)
ALT (IU/L) 40.0 (26-70)
Fib-4 index 3.60 (2.4-7.6)
AFP (ng/mL) 5.90 (3.3-12.0)
LDL (mg/dL) 91.0 (79-110)
HDL (mg/dL) 57.0 (45-65)
TG (mg/dL) 100.0 (76-131)
sdLDL (mg/dL) 12.8 (9-19)
Statin use, n (%) 4 (6.0)
Hypertension, n (%) 31 (44.3)
Diabetes, n (%) 8(11.9)
Body composition variable

SMI (cm?/m?) 40.6 (35-48)

MA (HU) 30.8 (28-35)

VSR 0.511 (0.39-0.84)

Results are expressed as median (interquartile range) or frequency
(%). AFP: alpha fetoprotein, Alb: serum albumin, ALT: alanine
aminotransferase, BMI: body mass index, DA: daclatasvir/asuna-
previr, DAA: direct acting antiviral, FIB-4: fibrosis-4, HCV: hepa-
titis C virus, HDL: high-density lipoprotein cholesterol, LDL: low-
density lipoprotein cholesterol, MA: muscle attenuation, sdLDL:
small dense low-density lipoprotein cholesterol, SL: sofosbuvir/le-
dipasvir, SMI: skeletal muscle index, SR: sofosbuvir/ribavirin, TG:
triglyceride, VSR: visceral to subcutaneous adipose tissue area ra-
tio

and 1.5 years from baseline were higher than those at base-
line (p=0.004 and p=0.006, respectively). However, HDL
levels at 1 and 2 years from the start of treatment did not
significantly increase compared with the baseline levels.
Similarly, the TG level did not significantly increase com-
pared with its baseline level. Finally, the median sdLDL
level increased from 12.8 mg/dL to 25.4 mg/dL, and the in-
crease in ratio in 2 years was 2.06 (IQR 1.4-2.9) (Fig. 3).
We divided the patients into two groups based on the
sdLLDL levels at 35 mg/dL 2 years after the treatment. In
previous reports, patients with sdLDL >35 mg/dL had sig-
nificantly more cardiovascular events than those with lower
sdLDL levels (19, 20). There were 19 patients in the high
sdLDL group and 48 in the low sdLDL group (Table 2).
The LDL levels at baseline were significantly higher in the
high sdLDL group than in the low sdLDL group (p<0.001).

Kaplan-Meier event-free survival analysis

The Kaplan-Meier event-free survival curves for patients
divided at the median levels of LDL and albumin, presence
or absence of hypertension, and at the cut-off points of SMI,
MA, and VSR, as determined by analyzing the ROC curve,
are illustrated in Fig. 4. We excluded two patients whose

sdLDL exceeded 35 mg/dL at baseline and therefore ana-
lyzed 65 patients. The cumulative incidence of the increase
in sdLDL 235 mg/dL was evaluated. Events influencing the
increase in sdLDL level >35 mg/dL were observed in 20 pa-
tients. Patients with high median levels of LDL and albu-
min, and MA and VSR levels above the target level were at
increased risk for events that lead to an sdLDL increase >35
mg/dL (log-rank test: p<0.001, p=0.008, p=0.002 and p=
0.042, respectively). No statistical differences were observed
regarding the existence of hypertension and above or below
the target levels of SMI.

Cox regression analysis

Hazard ratios (HR) with a 95% confidence interval (CI)
of each risk factor for the increase in sdLDL >35 mg/dL
was estimated by the Cox proportional hazard model (Ta-
ble 3). According to a univariate analysis, LDL and albumin
above the median value; MA above the cut-off point, deter-
mined by the ROC curve were associated with an increased
risk of a sdLDL increase. According to a multivariate Cox
regression analysis, LDL (291.0 mg/dL, HR 4.768, 95%CI
1.524-14.919, p=0.007) and MA (233.7 HU, HR 2.735, 95%
CI 1.092-6.848, p=0.032) were independent risk factors of
an elevated sdLDL level.

Discussion

The direct quantification method of sdLDL was recently
used in many cohort studies. In the Suita study, a cohort
study conducted in Japan, the increase in sdLDL was identi-
fied as a significant risk factor for cardiovascular dis-
ease (17). This method was used in two clinical trials in the
United States (16, 18). Our group showed that a significant
correlation was observed between sdLDL and carotid IMT
after DAA treatment (21).

When the sdLLDL level at 2 years from the administration
of DAAs was divided into two groups based on a level 235
mg/dL, the LDL levels tended to be high in the sdLDL 235
mg/dL group, and the Kaplan-Meier event-free survival
analysis showed that patients with high values of LDL, albu-
min, MA and VSR were at increased risk of events that in-
crease sdLDL >35 mg/dL. Patients with sdLDL level >35
mg/dL. have been reported to develop more cardiovascular
events than those with lower sdLDL levels (19, 20), as a re-
sult, the eradication of HCV by DAA treatments may in-
crease the incidence of CAD in the future. According to a
Cox regression analysis, a high LDL level and high CT at-
tenuation of skeletal muscles before treatment were associ-
ated with an increase in sdLDL after DAA treatment. The
higher the LDL levels, the higher the sdLDL levels (16, 17).
Our results also confirmed the positive correlation between
LDL and sdLDL levels at baseline and 2 years after treat-
ment (Supplementary material 1). This association, shown in
the multivariate analysis, was considered to be physiologi-
cal.

Several mechanisms associated with an elevated LDL
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Figure 2. Boxplots of the longitudinal changes in each lipid profile after the administration of
DAAs. (a) LDL, (b) sdLDL, (c) HDL, and (d) TG at baseline, 0.5 years, 1 year, 1.5 years, and 2 years
after the start of DAA treatment. The line within the box represents the median value, the box height
is the interquartile range (first to third quartile), the lower and upper whiskers represent minimum
and maximum values, respectively, and dots are outliers. Wilcoxon’s signed-rank test was performed
for comparisons. DAA: direct-acting antiviral agents, HDL: high-density lipoprotein cholesterol,
LDL: low-density lipoprotein cholesterol, sdLDL: small-dense low-density lipoprotein cholesterol,

TG: triglyceride

level after DAA treatment have been reported. One of the
causes of the increase in serum cholesterol after HCV eradi-
cation is thought to be the excess lipids in the blood due to
the loss of function of the HCV life cycle, which uses the
lipid metabolism in hepatocytes, such as the formation of
lipoviral particles by connecting with lipoproteins (2, 7). We
also evaluated the associations between serum protein con-
vertase subtilisin/kexin 9 (PCSK9), microRNA (miR) 122,
and an elevation of LDL levels after treatment of HCV
genotype 1b infection with DCV/ASV (26). PCSK9 plays a
role in promoting the lysosomal degradation of the LDL re-

ceptor by preventing it from recycling to the plasma mem-
brane of hepatocytes, which causes the increase in the
plasma LDL levels (27). The antagonism of miR122 induces
the suppression of HCV replication and cholesterol synthe-
sis (28). Thus, the upregulation of miR122 in hepatocytes
may strengthen lipogenesis and elevate the serum LDL lev-
els.

To the best of our knowledge, this is the first report to in-
vestigate the relationship between hyperlipidemia after DAA
treatment of HCV and body composition. Liver disease is
considered to be a representative disease of secondary sarco-
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penia, and the Japan Society of Hepatology has proposed
the criteria for diagnosing sarcopenia in liver disease (29).
Obesity is also associated with chronic liver diseases, and
patients with liver cirrhosis may develop loss of skeletal
muscle and gain of adipose tissue. The concurrence of sar-
copenia and obesity is called sarcopenic obesity (30). Addi-
tionally, when the cells of skeletal muscle are depleted, fatty
infiltration into the muscles is often present, which is called
myosteatosis. In previous reports, the survival rates of sarco-

70 A

50

30 4

sdLDL (mg/dL)

10 -

Figure 3. Change in sdLDL from baseline to 2 years after
treatment. Changes in sdLDL levels in individual patients from
baseline to 2 years after the DAA treatment. Wilcoxon’s signed-
rank test was performed for comparisons. DAA: direct-acting
antiviral agents, sdLDL: small-dense low-density lipoprotein
cholesterol

penia, sarcopenic obesity, and myosteatosis groups in cirrho-
sis and HCC patients were lower than those in patients with-
out muscular abnormalities (25, 30). Additionally, intramus-
cular fat deposition has been reported to be related to the
glucose metabolism and increased total cholesterol (31).
Contrary to previous reports, our study showed that the
group with low intramuscular fat deposition had higher
sdLDL levels after DAA treatment. The apparent cause of
the association between elevated sdLDL and high CT values
of skeletal muscle is unknown. LDL was also a factor con-
tributing to sdLDL elevation after treatment, and sdLDL
tended to increase above 35 mg/dL in the high albumin and
VSR group. After the eradication of HCV, the quality of life
of HCV patients is expected to improve; oral intake will in-
crease and weight gain and obesity are attained, leading to
hyperlipidemia. Our results suggest that HCV patients who
have good nutritional status, good muscle quality, and higher
LDL cholesterol levels tended to have increased levels of
sdLDL with treatment. These patients may develop CAD af-
ter SVR and have a poor prognosis by the DAA treatment.

In this study, the sdLDL level increased approximately
twice in the 2 years after treatment with DAAs. No patients
were treated for elevated LDL levels during the observation
period in this study. However, CAD are expected to increase
in these patients, treatment for the hyperlipidemia should be
actively considered. Although the therapeutic agents for
sdLDL have not yet been investigated sufficiently, statins
and sodium-glucose co-transporter-2 inhibitors have been re-
ported to be effective (32, 33).

Patients treated with DCV/ASV had a higher increase rate
than patients treated with SOF/LDV or SOF/RBV (Supple-
mentary material 2). However, no significant change was

Table 2. Comparison of Clinical Characteristics between Two Groups Divided by
SALDL Level after DAA Treatment for 2 Years at a Cutoff Value of 35 mg/dL.

Factor sdLDL<35 mg/dL (n=48)  sdLDL>35 mg/dL (n=19)  p value
Age, years 70.5 (64-78) 68.0 (59-75) 0.150
Sex, male/female 18/30 9/10 0.458
BMI 22.7 (22-24) 22.4 (18-24) 0.160
HCV-RNA (log IU/mL) 6.15 (5.8-6.6) 6.20 (5.3-6.6) 0.671
Alb (g/dL) 4.00 (3.6-4.3) 4.10 (3.8-4.7) 0.077
Fib-4 index 4.28 (2.6-7.6) 2.88 (1.9-6.5) 0.158
AFP (ng/mL) 6.35(3.3-12.3) 5.00 (3.4-7.1) 0.636
LDL (mg/dL) 87.0 (76-97) 112.0 (91-126) 0.002
HDL (mg/dL) 56.0 (44-63) 59.0 (52-77) 0.081
TG (mg/dL) 101.5 (76-130) 91.0 (71-155) 0.994
Hypertension +/- 25/23 5/14 0.056
Diabetes +/- 5/43 3/16 0.541
SMI (cm?/m?) 40.6 (36-48) 41.3 (33-47) 0.559
MA (HU) 30.4 (28-33) 33.7 (26-37) 0.487
VSR 0.490 (0.39-0.82) 0.558 (0.45-0.81) 0.922

Data were collected at baseline. Results are expressed as median (interquartile range) or number. Mann-

Whitney U and chi-square tests were performed for comparisons. AFP: alpha fetoprotein, Alb: serum albu-
min, BMI: body mass index, FIB-4: fibrosis-4, HCV: hepatitis C virus, HDL: high-density lipoprotein cho-
lesterol, LDL: low-density lipoprotein cholesterol, MA: muscle attenuation, SMI: skeletal muscle index,

TG: triglyceride, VSR: visceral to subcutaneous adipose tissue area ratio
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Figure 4. Cumulative incidence curves of the increase in sdLDL 235 mg/dL according to clinical
and body composition variables. The survival rates were analyzed using the Kaplan-Meier method.
Two groups were divided at the median levels for (a) LDL and (b) albumin, presence or absence of
hypertension (c¢), and cut-off points of (d) SMI, (e) MA, and (f) VSR, as determined by the ROC curve.
Incidence rates were compared using log-rank test. Alb: serum albumin, LDL: low-density lipopro-
tein cholesterol, MA: muscle attenuation, SMI: skeletal muscle index, VSR: visceral to subcutaneous

adipose tissue area ratio

found in the increase rate between HCV genotypes (1b, 2a,
and 2b). Similar increases in LDL levels of patients who
achieved SVR with interferon therapy were reported (34).
Therefore, it is considered that the increase in the LDL lev-
els is derived in part from the clearance of HCV, regardless
of the therapy regimen. With regard to the relationship be-
tween DAAs and lipid metabolism, SOF/LDV regimen in-
creased the LDL levels rapidly during the treatment period,
but DCV/ASV regimen tended to increase the LDL levels
greater than those treated with the regimens including SOF
after treatment (11, 12). The eradication of HCV was not
considered to be the sole factor, and DAAs themselves may
therefore induce pharmacological effects on the lipid me-
tabolism.

Our study is associated with some limitations. The sample
size was small (n=67), and this was a retrospective study.
Future studies are therefore required to further analyze the
long-term outcomes, including complications, of HCV eradi-
cation. In this study, we defined the increase of sdLDL as
the events according to a Kaplan-Meier event-free survival
analysis and a Cox regression analysis. In fact, the onset of
CAD should be defined as an event for these analyses.
However, there are few reports with long-term follow-up pe-
riods evaluating dyslipidemia more than 2 years after DAA
treatment.

In conclusion, the LDL level, including sdLDL, increased
from 6 months after the start of DAA treatment and re-
mained high until 2 years later. High LDL levels and low
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Table 3. Risk Factors for the Increase in sdLDL Level above 35 mg/dL.

Univariate Multivariate
Factors
Hazard ratio 95%Cl1 p value Hazard ratio 95%Cl p value
Age 270 0.496 0.197-1.247 0.136
Male 1.432 0.594-3.451 0.423
BMI 222.5 0.840 0.344-2.051 0.702
Alb >4.1 g/dL 3.650 1.310-10.169  0.013 2.886 0.976-8.529 0.055
FIB-4 index >4.2 0.391 0.150-1.019 0.055
LDL >91.0 mg/dL 5.938 1.923-18.342  0.002 4.768 1.524-14919  0.007
HDL 257.0 mg/dL 1.196 0.495-2.888 0.691
Hypertension 0.558 0.222-1.405 0.216
SMI 241.3 1.833 0.746-4.505 0.187
MA >33.7 3.831 1.562-9.396 0.003 2.735 1.092-6.848 0.032
VSR >0.449 2.525 1.002-6.362 0.05

95% CI: 95% confidence interval, Alb: serum albumin, BMI: body mass index, FIB-4: fibrosis-4, HDL: high-density li-
poprotein cholesterol, LDL: low-density lipoprotein cholesterol, MA: muscle attenuation, SMI: skeletal muscle index,

VSR: visceral to subcutaneous adipose tissue area ratio. Each variable was assessed using Cox proportional hazards

analysis

intramuscular fat deposition at baseline contributed to the
elevated sdLDL levels after 2 years of treatment. Thus, in
these patients and in HCV patients, strict lipid level moni-
toring is required after DAA treatment.
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References

1.

10.

Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet
379: 1245-1255, 2012.

. Felmlee DJ, Hafirassou ML, Lefevre M, Baumert TF, Schuster C.

Hepatitis C virus, cholesterol and lipoproteins - impact for the vi-
ral life cycle and pathogenesis of liver disease. Viruses 5: 1292-
1324, 2013.

. Kumada H, Suzuki Y, Ikeda K, et al. Daclatasvir plus asunaprevir

for chronic HCV genotype 1b infection. Hepatology 59: 2083-
2091, 2014.

. Mizokami M, Yokosuka O, Takehara T, et al. Ledipasvir and so-

fosbuvir fixed-dose combination with and without ribavirin for 12
weeks in treatment-naive and previously treated Japanese patients
with genotype 1 hepatitis C: an open-label, randomised, phase 3
trial. Lancet Infect Dis 15: 645-653, 2015.

. Omata M, Nishiguchi S, Ueno Y, et al. Sofosbuvir plus ribavirin in

Japanese patients with chronic genotype 2 HCV infection: an
open-label, phase 3 trial. J Viral Hepat 21: 762-768, 2014.

. Toannou GN, Green PK, Berry K. HCV eradication induced by

direct-acting antiviral agents reduces the risk of hepatocellular car-
cinoma. J Hepatol 68: 25-32, 2017.

. Lindenbach BD, Rice CM. The ins and outs of hepatitis C virus

entry and assembly. Nat Rev Microbiol 11: 688-700, 2013.

. Meissner EG, Lee Y-J, Osinusi A, et al. Effect of sofosbuvir and

ribavirin treatment on peripheral and hepatic lipid metabolism in
chronic hepatitis C virus, genotype l-infected patients. Hepatology
61: 790-801, 2015.

. Townsend K, Meissner EG, Sidharthan S, et al. Interferon-free

treatment of hepatitis C virus in HIV / hepatitis C virus-coinfected
subjects results in increased serum low-density lipoprotein concen-
tration. AIDS Res Hum Retroviruses 32: 456-462, 2016.

Hashimoto S, Yatsuhashi H, Abiru S, et al. Rapid increase in se-
rum low-density lipoprotein cholesterol concentration during hepa-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

198

titis C interferon-free treatment. PLoS One 11: e0163644, 2016.

. Endo D, Satoh K, Shimada N, Hokari A, Aizawa Y. Impact of

interferon-free antivirus therapy on lipid profiles in patients with
chronic hepatitis C genotype 1b. World J Gastroenterol 23: 2355-
2364, 2017.

Inoue T, Goto T, lio E, et al. Changes in serum lipid profiles
caused by three regimens of interferon-free direct-acting antivirals
for patients infected with hepatitis C virus. Hepatol Res 48: E203-
E212, 2018.

Morales AL, Junga Z, Singla MB, Sjogren M, Torres D. Hepatitis
C eradication with sofosbuvir leads to significant metabolic
changes. World J Hepatol 8: 1557-1563, 2016.

Berneis KK, Krauss RM. Metabolic origins and clinical signifi-
cance of LDL heterogeneity. J Lipid Res 43: 1363-1379, 2002.
Hirano T, Ito Y, Saegusa H, Yoshino G. A novel and simple
method for quantification of small, dense LDL. J Lipid Res 44:
2193-2201, 2003.

Hoogeveen RC, Gaubatz JW, Sun W, et al. Small dense low-
density lipoprotein-cholesterol concentrations predict risk for coro-
nary heart disease: the Atherosclerosis Risk in Communities
(ARIC) study. Arterioscler Thromb Vasc Biol 34: 1069-1077,
2014.

Arai H, Kokubo Y, Watanabe M, et al. Small dense low-density
lipoproteins cholesterol can predict incident cardiovascular disease
in an urban Japanese cohort: the suita study. J Atheroscler Thromb
20: 195-203, 2013.

Tsai MY, Steffen BT, Guan W, et al. New automated assay of
small dense low-density lipoprotein cholesterol identifies risk of
coronary heart disease: the multi-ethnic study of atherosclerosis.
Arterioscler Thromb Vasc Biol 34: 196-201, 2014.

Nishikura T, Koba S, Yokota Y, et al. Elevated small dense low-
density lipoprotein cholesterol as a predictor for future cardiovas-
cular events in patients with stable coronary artery disease. J Athe-
roscler Thromb 21: 755-767, 2014.

Higashioka M, Sakata S, Honda T, et al. Small dense low-density
lipoprotein cholesterol and the risk of coronary heart disease in a
Japanese community. J Atheroscler Thromb 27: 669-682, 2020.
Ichikawa T, Miyaaki H, Miuma S, et al. Carotid intima-media
thickness and small dense low-density lipoprotein cholesterol in-
crease after one year of treatment with direct-acting antivirals in
patients with hepatitis C virus infection. Intern Med 58: 1209-
1215, 2019.



Intern Med 60: 191-199, 2021

DOI: 10.2169/internalmedicine.5563-20

22,

23.

24.

25.

26.

27.

28.

29.

Kawagishi N, Suda G, Nakamura A, et al. Liver steatosis and
dyslipidemia after HCV eradication by direct acting antiviral
agents are synergistic risks of atherosclerosis. PLoS One 13:
e0209615, 2018.

Kinoshita M, Yokote K, Arai H, et al. Japan Atherosclerosis Soci-
ety (JAS) guidelines for prevention of atherosclerotic cardiovascu-
lar diseases 2017. J Atheroscler Thromb 25: 846-984, 2018.
Mitsiopoulos N, Baumgartner RN, Heymsfield SB, Lyons W,
Gallagher D, Ross R. Cadaver validation of skeletal muscle meas-
urement by magnetic resonance imaging and computerized to-
mography. J Appl Physiol 85: 115-122, 1998.

Fujiwara N, Nakagawa H, Kudo Y, et al. Sarcopenia, intramuscular
fat deposition, and visceral adiposity independently predict the
outcomes of hepatocellular carcinoma. J Hepatol 63: 131-140,
2015.

Ichikawa T, Miyaaki H, Miuma S, et al. Changes in serum LDL,
PCSK9 and microRNA-122 in patients with chronic HCV infec-
tion receiving daclatasvir/asunaprevir. Biomed Rep 10: 156-164,
2019.

Lambert G, Sjouke B, Choque B, Kastelein JJP, Hovingh GK. The
PCSK9 decade. J Lipid Res 53: 2515-2524, 2012.

Lanford RE, Hildebrandt-Eriksen ES, Petri A, et al. Therapeutic
silencing of microRNA-122 in primates with chronic hepatitis C
virus infection. Science 327: 198-201, 2010.

Nishikawa H, Shiraki M, Hiramatsu A, Moriya K, Hino K,
Nishiguchi S. Japan Society of Hepatology guidelines for sarco-

penia in liver disease (Ist edition): recommendation from the
working group for creation of sarcopenia assessment criteria. He-
patol Res 46: 951-963, 2016.

30. Montano-Loza AJ, Angulo P, Meza-Junco J, et al. Sarcopenic obe-

sity and myosteatosis are associated with higher mortality in pa-
tients with cirrhosis. J Cachexia Sarcopenia Muscle 7: 126-135,
2016.

31. Yim J-E, Heshka S, Albu J, et al. Intermuscular adipose tissue ri-

vals visceral adipose tissue in independent associations with car-
diovascular risk. Int J Obes (Lond) 31: 1400-1405, 2007.

32. Nishikido T, Oyama J, Keida T, Ohira H, Node K. High-dose sta-

tin therapy with rosuvastatin reduces small dense LDL and MDA-
LDL: The Standard versus high-dose therApy with Rosuvastatin
for lipiD lowering (SARD) trial. J Cardiol 67: 340-346, 2016.

33. Hayashi T, Fukui T, Nakanishi N, et al. Dapagliflozin decreases

small dense low-density lipoprotein-cholesterol and increases high-
density lipoprotein 2-cholesterol in patients with type 2 diabetes:
Comparison with sitagliptin. Cardiovasc Diabetol 16: 1-13, 2017.

34. Tada S, Saito H, Ebinuma H, et al. Treatment of hepatitis C virus

with peg-interferon and ribavirin combination therapy significantly
affects lipid metabolism. Hepatol Res 39: 195-199, 2009.

The Internal Medicine is an Open Access journal distributed under the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To
view the details of this license, please visit (https://creativecommons.org/licenses/
by-nc-nd/4.0/).

(© 2021 The Japanese Society of Internal Medicine
Intern Med 60: 191-199, 2021

199



