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Augmenting central arterial 
stiffness following eradication of 
HCV by direct acting antivirals in 
advanced fibrosis patients
pin-Nan Cheng1, Ju-Yi Chen2, Yen-Cheng Chiu1, Hung-Chih Chiu1 & Liang-Miin tsai2

Chronic hepatitis C (CHC) is strongly associated with risks of cardiovascular diseases. The impact of 
direct acting antiviral (DAA) therapy on central blood pressure remains unclear. This investigation 
evaluates changes in central blood pressure following DAA therapy. One hundred and two DAA-treated 
patients were prospectively enrolled. Lipid profiles and pulse wave analysis of brachial artery by cuff 
sphygmomanometry including augmentation index (AIx), a parameter of central artery stiffness, were 
evaluated. All of the 102 patients achieved sustained virological response (SVR12). Cholesterol and 
LDL significantly increased following SVR12. Along with lipid changes, significantly higher central 
diastolic pressure (78.2 ± 14.2 mm Hg at baseline vs. 83.3 ± 13.9 mm Hg at SVR12, p = 0.011) and AIx 
(33.0 ± 12.7% at baseline vs. 36.9 ± 12.9% at SVR12, p = 0.012) were only observed in the advanced 
fibrosis patients. Co-morbid diseases, including hypertension (33.4 ± 13.0% vs. 39.7 ± 12.6%, 
p = 0.003), abnormal waist circumference (33.8 ± 12.2% vs. 38.0 ± 13.2%, p = 0.027), and metabolic 
syndrome (34.5 ± 12.1% vs. 39.0 ± 11.2%, p = 0.043) were associated with augmented AIx upon 
SVR12. The augmented central artery stiffness following viral eradication by DAA therapy may raise the 
concern of short-term cardiovascular risk in CHC patients.

Hepatitis C virus (HCV) infection is a major health issue globally. Chronic infection leads to a risk of the devel-
opment liver complications, including liver cirrhosis and hepatocellular carcinoma, and it increases liver-related 
morbidity and mortality1. Additionally, long-standing infection increases the risk of extrahepatic events2. With 
respect to extrahepatic diseases of that are associated with HCV, a strong association exists between HCV infec-
tion and cardiovascular diseases, including coronary artery diseases3, carotid atherosclerosis4, and cerebral vas-
cular diseases4.

Pulse wave analysis (PWA) that measures by cuff sphygmomanometry of the brachial artery is used to evaluate 
changes of waveform morphology throughout the arterial system. The shape of pressure waveform changes from 
the aorta to distal arteries with constant diastolic pressure but a higher increased systolic pressure in the brachial 
artery than aorta. This feature is an augmentation of systolic pressure arises from an increase in arterial stiffness as 
the wave moves away from the aorta5. PWA can be used to obtain central blood pressures, augmentation pressure, 
and the augmentation index (AIx), which are associated with risk of cardiovascular diseases6,7. Chronic hepatitis 
C (CHC) patients are known to exhibit an increased pulse wave velocity8. and our earlier investigation demon-
strated that a higher arterial stiffness index and a lower compliance index were independently associated with 
CHC infection9. However, little is known about the temporal association of central blood pressures with CHC 
treatment. Therefore, the relationship between changes in PWA parameters and HCV eradication by direct acting 
antivirals (DAA) in CHC patients is both interesting and important.

The objectives of this investigation are to evaluate the changes in central blood pressure related parameters 
with HCV eradication by DAA therapy in CHC patients, and to examine the impact of advanced fibrosis on the 
parameters in PWA.
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Results
Baseline characteristics of patients. Table 1 presents the relevant characteristics of the 102 enrolled CHC 
patients, most of whom were female. The major genotype of HCV was 1b (74.5%). Eight patients had a hepatitis B 
virus co-infection and all of them had HBV DNA level <2000 IU/mL at baseline. Advanced fibrosis was detected 
in 76 patients, who tended to have a significantly higher age, lower albumin level, lower estimated glomerular 
filtration rate (eGFR), and lower platelet count (all p < 0.05). Twenty-five patients had a history of hepatocellular 
carcinoma and all of those had advanced fibrosis. The incidences of diabetes mellitus, hypertension, chronic 

Variable ALL N = 102
Non-advanced 
fibrosis N = 26

Advanced 
fibrosis N = 76 p value*

Age (years) 66.0 ± 10.7 60.3 ± 12.6 68.0 ± 9.3 0.007

Male Gender 34 (33.3%) 9 25 0.872

Body mass index (kg/m2) 25.3 ± 3.7 25.9 ± 4.6 25.1 ± 3.4 0.396

Waist circumference (cm) 85.3 ± 10.3 83.4 ± 11.1 86.0 ± 1.0 0.264

Hip circumference (cm) 97.4 ± 8.3 98.9 ± 9.0 96.9 ± 8.0 0.303

HCV RNA (log10 IU/mL) 6.1 ± 0.7 6.0 ± 0.7 6.2 ± 0.7 0.110

HCV Genotype

  1a 8 (7.8%) 3 5 0.085

  1b 76 (74.5%) 13 63

  1 1 (1.0%) 0 1

  2 15 (14.7%) 9 6

  4 1 (1.0%) 0 1

  6 1 (1.0%) 1 0

Albumin (g/L) 4.2 ± 0.3 4.4 ± 0.2 4.2 ± 0.3 <0.001

AST (U/L) 72.6 ± 43.7 57.7 ± 42.2 77.7 ± 43.3 0.043

ALT (U/L) 96.0 ± 89.0 100.2 ± 124.7 94.5 ± 74.0 0.780

Total Bilirubin (mg/dL) 0.8 ± 0.3 0.7 ± 0.3 0.8 ± 0.3 0.280

Creatinine (mg/dL) 0.9 ± 0.9 0.66 ± 0.19 0.93 ± 1.01 0.187

eGFR (mL/min/1.73 m2) 80.7 ± 16.9 86.8 ± 10.8 78.7 ± 18.2 0.007

Hemoglobin (g/dL) 13.7 ± 1.6 14.0 ± 1.1 13.6 ± 1.7 0.268

Platelet count (x109/L) 153.3 ± 60.8 204.8 ± 42.6 135.7 ± 56.0 <0.001

Prothrombin time, INR 1.05 ± 0.08 1.01 ± 0.06 1.06 ± 0.08 0.002

Cholesterol (mg/dL) 165.2 ± 28.9 173.5 ± 30.2 162.2 ± 28.1 0.088

Triglyceride (mg/dL) 102.3 ± 38.2 92.0 ± 33.9 105.9 0.112

LDL 101.6 ± 26.2 105.8 ± 25.2 100.2 ± 26.5 0.344

HDL 56.4 ± 18.2 60.8 ± 15.7 54.8 ± 18.9 0.150

Insulin (mU/L) 14.3 ± 6.5 12.6 ± 5.2 14.9 ± 6.8 0.122

HbA1c (%) 5.8 ± 0.9 5.6 ± 0.8 5.9 ± 1.0 0.289

HOMA-IR 0.20 ± 0.09 0.17 ± 0.07 0.21 ± 0.09 0.059

HOMA-β (%) 145.9 ± 91.8 139.9 ± 78.2 148.0 ± 96.0 0.703

Hepatitis B virus infection 8 (7.8%) 5 3 0.024

Hepatocellular carcinoma 
history 25 (24.5%) 0 25 <0.001

Diabetes mellitus 30 (29.4%) 4 26 0.084

Hypertension 45(44.1%) 10 35 0.501

Dyslipidemia 21 (19.8%) 4 17 0.579

Coronary artery disease 8 (7.8%) 1 7 0.676

Chronic kidney disease 13 (12.7%) 3 10 1.000

Smoking 7 (6.9%) 0 7 0.186

DAA regimen

  PrOD ± Ribavirin 69 9 60

  Sofosbuvir/Daclatasvir ± 
Ribavirin 14 8 6

  Sofosbuvir/Ribavirin 1 1 0

  Ledipasvir/Sofosbuvir 5 5 0

  Grazoprevir/Elbasvir 13 3 10

Table 1. Baseline characteristic of the 102 patients. *Comparison was performed between non-advanced 
fibrosis and advanced fibrosis patients. AST: aspartate aminotransferase; ALT: alanine aminotransferase; eGFR: 
estimated glomerular filtration rate; LDL, low-density lipoprotein of cholesterol; HDL, high-density lipoprotein 
of cholesterol; ProD, paritaprevir/ritonavir-ombitasvir and dasabuvir.
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kidney disease (defined as estimated glomerular filtration rate, eGFR <60 ml/min/1.73 m2), dyslipidemia, and 
coronary artery disease did not differ between patients with non-advanced fibrosis and those with advanced 
fibrosis.

Response to treatment and changes in lipid/sugar profiles. Nighty patients (88.2%) had unde-
tectable serum HCV RNA at week 4 of DAA therapy. All 102 patients (100%) achieved SVR12. Liver stiffness 
declined significantly from 15.4 ± 11.2 kPa at baseline to 11.8 ± 8.6 kPa at SVR12 (p < 0.001). At baseline, lev-
els of insulin, HbA1c, HOMA-IR, HOMA-β, cholesterol, triglyceride, LDL, and HDL were similar across fibro-
sis stage (Table 1). After SVR12 achieved, cholesterol, triglyceride, LDL, and HOMA-β levels were significantly 
higher than baseline levels (Table 2). Significant increases in cholesterol and LDL levels were observed in both 
non-advanced fibrosis and advanced fibrosis patients.

Brachial and central blood pressures. Among the 102 patients, baseline hsCRP, systolic pressure, dias-
tolic pressure, mean arterial pressure, heart rate, central systolic pressure, central diastolic pressure, augmentation 
pressure, and AIx did not differ between patients with non-advanced fibrosis and those with advanced fibrosis 
(All p > 0.05). AIx was correlated with age (r = 0.232, p = 0.019) and was significantly higher in females than in 
males (34.6 ± 12.7% vs. 29.0 ± 11.8%, p = 0.033). PWA related parameters before and after HCV eradication were 
compared. Of note, all of these parameters tended to be higher at SVR12 than before DAA therapy. Only AIx 
were significantly increased (Table 2). Comparison of the PWA related parameters between baseline and SVR12 
was investigated, and it was found thatcentral diastolic pressure significantly increased both in advanced and 
non-advanced fibrosis patients and AIx significantly increased only in advanced fibrosis patients (Fig. 1). Brachial 
diastolic pressure changed similarly. In contrast, brachial systolic pressure, mean arterial pressure, and central sys-
tolic pressure decreased significantly in non-advanced fibrosis patients. Accordingly, the association of co-morbid 
diseases with AIx in advanced fibrosis patients was analyzed (Fig. 2). After SVR12 was achieved, AIx in patients 
with hypertension (33.4 ± 13.0% at baseline vs. 39.7 ± 12.6% at SVR12, p = 0.003), abnormal waist circumference 
(33.8 ± 12.2% at baseline vs. 38.0 ± 13.2% at SVR12, p = 0.027), and metabolic syndrome (34.5 ± 12.1% at base-
line vs. 39.0 ± 11.2% at SVR12, p = 0.043) was significantly higher. For patients with diabetes mellitus (DM), AIx 
was unchanged by HCV eradication (33.5 ± 8.5% at baseline vs. 33.6 ± 13.1% at SVR12, p = 0.966). In contrast, 
non-DM patients exhibited increased AIx (32.7 ± 14.5% at baseline vs. 38.6 ± 12.5% at SVR12, p = 0.002).

Similar to patients with DM, significantly higher AIx was present in patients without non-dyslipidemia 
(33.3 ± 13.9% at baseline vs. 37.2 ± 12.6% at SVR12, p = 0.026) rather than in those with dyslipidemia 
(31.9 ± 7.4% at baseline vs. 35.8 ± 14.2% at SVR12, p = 0.260). Other associated factors, including tobacco use, 
pre-existing chronic kidney disease, and pre-existing coronary artery diseases, were also analyzed. No significant 

All, n = 102 Non-advanced fibrosis, n = 26 Advanced fibrosis, n = 76

Baseline SVR12 p Baseline SVR12 p Baseline SVR12 p

Liver stiffness (kPa) 15.4 ± 11.2 11.8 ± 8.6 <0.001 6.1 ± 1.5 5.5 ± 1.5 0.080 15.8 ± 10.7 13.9 ± 9.1 0.004

Cholesterol (mg/dL) 165.2 ± 28.9 182.8 ± 33.4 <0.001 173.5 ± 30.2 192.5 ± 32.1 0.002 162.6 ± 28.1 179.4 ± 33.4 <0.001

Triglyceride (mg/dL) 102.7 ± 38.2 112.6 ± 49.2 0.013 93.3 ± 34.0 113.5 ± 53.6 0.020 105.9 ± 39.2 112.3 ± 48.0 0.153

LDL (mg/dL) 101.6 ± 26.2 117.8 ± 31.5 <0.001 105.8 ± 25.2 123.7 ± 28.5 0.002 100.2 ± 26.5 115.7 ± 32.5 <0.001

HDL (mg/dL) 56.4 ± 18.2 56.7 ± 15.4 0.855 60.8 ± 15.7 60.5 ± 15.6 0.866 54.8 ± 18.9 55.3 ± 15.3 0.781

Insulin (mU/L) 14.3 ± 6.5 13.4 ± 6.6 0.192 12.6 ± 5.2 11.8 ± 5.8 0.535 14.9 ± 6.8 14.0 ± 65.8 0.256

HbA1c (%) 5.8 ± 0.9 5.7 ± 0.8 0.365 5.6 ± 0.8 5.6 ± 0.6 0.879 5.9 ± 1.0 5.8 ± 0.8 0.371

HOMA-IR 0.20 ± 0.09 0.19 ± 0.10 0.217 0.17 ± 0.07 0.17 ± 0.09 0.733 0.21 ± 0.09 0.20 ± 0.10 0.225

HOMA-β (%) 145.9 ± 91.8 130.5 ± 86.3 0.035 139.9 ± 78.2 125.8 ± 72.8 0.357 148.1 ± 96.7 132.2 ± 91.1 0.057

hsCRP (mg/dL) 1.17 ± 2.57 1.52 ± 4.12 0.436 0.57 ± 0.58 1.19 ± 3.02 0.259 1.38 ± 2.94 1.64± 4.45 0.657

Systolic pressure 
(mm Hg) 139.8 ± 21.0 140.3 ± 21.1 0.813 138.4 ± 25.6 131.2 ± 208 0.027 14.02 ± 19.8 143.4 ± 20.4 0.223

Diastolic pressure 
(mm Hg) 78.4 ± 11.1 80.1 ± 12.1 0.158 79.5 ± 9.6 76.5 ± 10.1 0.096 78.1 ± 11.6 81.3 ± 12.6 0.024

Mean arterial 
pressure (mm Hg) 98.6 ± 14.0 99.1 ± 15.2 0.755 99.3 ± 14.9 94.7 ± 12.7 0.039 98.4 ± 13.8 100.6 ± 15.7 0.252

Heart rate (beat/min) 70.5 ± 11.1 70.5 ± 11.4 0.976 71.8 ± 11.1 71.6 ± 14.2 0.936 70.1 ± 11.1 70.1 ± 10.3 0.993

Central systolic 
pressure (mm Hg) 127.5 ± 18.9 128.8 ± 19.1 0.514 126.7 ± 22.4 120.5 ± 18.2 0.039 127.8 ± 17.8 131.6 ± 18.6 0.109

Central diastolic 
pressure (mm Hg) 78.9 ± 13.2 81.8 ± 13.3 0.062 80.9 ± 9.9 76.5 ± 10.1 0.047 78.2 ± 14.2 83.3 ± 13.9 0.011

Central pulse 
pressure (mm Hg) 47.9 ± 13.5 47.4 ± 13.2 0.702 45.8 ± 14.8 43.0 ± 13.7 0.181 48.6 ± 13.1 48.9 ± 12.8 0.810

Augmentation 
pressure (mm Hg) 16.5 ± 9.2 17.9 ± 9.2 0.114 15.7 ± 9.7 15.5 ± 7.9 0.893 16.8 ± 9.0 18.7 ± 9.5 0.073

Augmentation index 
(%) 32.8 ± 12.6 36.4 ± 12.4 0.005 32.2 ± 12.6 34.8 ± 11.0 0.206 33.0 ± 12.7 36.9 ± 12.9 0.012

Table 2. Comparison of lipid, arterial pressures, and liver/arterial stiffness associated parameters of non-
advanced fibrosis and advanced fibrosis patients.
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changes of AIx were observed in patients with tobacco use (n = 7, 33.7 ± 9.7% at baseline vs. 33.1 ± 15.4% at 
SVR12, p = 0.932), pre-existing chronic kidney disease (n = 10, 29.7 ± 15.9% at baseline vs. 37.4 ± 14.5% at 
SVR12, p = 0.246), and pre-existing coronary artery disease (n = 7, 31.6 ± 15.8% at baseline vs. 30.7 ± 14.3% at 
SVR12, p = 0.909) following viral clearance. Multivariate linear regression analysis was performed to identify 
metabolic factors associated with increased AIx. The only independent metabolic factor was absence of DM 
(p = 0.05). Other factors including dyslipidemia (p = 0.657), hypertension (p = 0.184), and abnormal waist cir-
cumference (p = 0.823) did not show significance.

Discussion
DAA is a short-duration and highly efficient treatment for chronic hepatitis C; viral eradication is accompanied 
by lipid changes. In this investigation, the cholesterol and LDL levels of patients with non-advanced fibrosis and 
those with advanced fibrosis were significantly increased upon SVR12. These results are consistent with those in 
previous reports10,11. Our earlier study revealed that DAA treatment increased the loading capacity of triglycer-
ide and cholesterol per very low-density lipoprotein of cholesterol particle, which transports lipid from liver to 
circulating blood12. The cholesterol loading capacity of LDL in the plasma also increased. The rapid changes in 
cholesterol and LDL levels were probably caused by increased delivery of lipid from liver to circulating blood 
following viral eradication by DAA therapy.

LDL is strongly associated with a risk of cardiovascular diseases13. One recent study investigated the associa-
tion of LDL with blood pressure and found that a high LDL level in non-statin users was associated with increased 
brachial and central blood pressures, with the greatest effect on central diastolic pressure14. LDL is known to affect 
detrimentally endothelial function, and elevated serum LDL levels result in higher vascular tone via upregulation 
of vascular Angiotensin II receptor gene expression by LDL in vascular smooth muscle cells15 and a reduction 
in the intracellular concentration of nitric oxide in endothelial cells16. These pathways may be consistent with 
findings of this investigation that increased LDL levels are associated mostly with an elevated steady component 
of central blood pressure, which is dominated by arterial resistance17,18. In this investigation, PWA of the bra-
chial artery was used to obtain central (aortic) blood pressure and AIx. AIx is derived as augmentation pressure 
divided by central pulse pressure. An important finding of this investigation is the significant increase of AIx, a 
parameter of aortic stiffness, upon DAA therapy and the achievement of SVR12. Therefore, we speculate that the 
increased AIx in CHC patients who cleared HCV as a result of a short period of DAA therapy is partially, at least, 
mediated by increased LDL levels, which increased central diastolic pressure and reduced central pulse pressure. 

Figure 1. Comparisons of central diastolic pressure and augmentation index before. DAA therapy and 
following SVR12. Bars represent mean levels and lines inside the box plot 95% of confidence interval. (a) 
Changes of central diastolic pressure in patients with non-advanced fibrosis vs. advanced fibrosis; (b) Changes 
of augmentation index in patients with non-advanced fibrosis vs. advanced fibrosis.
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A mechanism that is not LDL-related may be involved. HCV-induced inflammation may have a role. In this inves-
tigation, the unchanged hsCRP upon SVR12 revealed a persistent inflammation reaction following HCV eradi-
cation. A cytokine and chemokine study showed that successful DAA therapy reduced the levels of up-regulated 
inflammation mediators, but not recovered to those of healthy controls19. Some mediators did not recover, or even 
remained elevated during or after therapy20. The complex presentations may predispose patients to persistent 
inflammation, even following HCV eradication. Along with increased LDL, persistent inflammation following 
HCV eradication may have a supplemental role in increased central diastolic pressure and aortic stiffness.

A significant increase in aortic stiffness was observed only in patients with advanced fibrosis, and not in 
those with non-advanced fibrosis. In this investigation, patients with advanced liver fibrosis were older than 
those with non-advanced fibrosis. However, before DAA therapy, their AIx values did not differ (32.2 ± 12.6% vs. 
33.0 ± 12.7%, p = 0.773). Cholesterol and LDL levels increased significantly, regardless of fibrosis stage. However, 
brachial and central diastolic pressures were significantly elevated only in advanced fibrosis patients, indicat-
ing that the detrimental effects of LDL on central blood pressure and aortic stiffness seemed to be greater in 
advanced fibrosis patients. Co-existing diseases or metabolic syndrome were also associated with higher AIx 
in advanced fibrosis patients. In advanced fibrosis patients, hypertension, abnormal waist circumference, and 
metabolic syndrome all increased aortic stiffness following viral eradication. However, AIx in patients with DM 
did not differ before therapy and upon SVR12. A lesser degree of impairment of left ventricular systolic func-
tion21, blunted response of central blood pressure to glucose22, and lower reflection wave magnitude as a result 
of a reduction of the impedance mismatch of the large artery and distal arteries23 may have contributed to the 
unchanged AIx in patients with DM following viral eradication. All of the DM patients were treated by oral hypo-
glycemic agents or insulin therapy. Controlling of sugar was not likely to be beneficial to aortic stiffness following 
SVR12 in this investigation. Similar to patients with DM, significantly higher AIx was observed only in patients 
with non-dyslipidemia patients. In this investigation, all patients with dyslipidemia took statin. For statin users, 

Figure 2. Comparisons of augmentation index following SVR12 in CHC patients with advanced fibrosis and 
pre-existed co-morbid diseases. Bars represent mean levels and lines inside the box plot 95% of confidence 
interval. (a) diabetes mellitus; (b) hypertension; (c) waist circumference; (d) dyslipidemia; (e) metabolic 
syndrome.
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reduction of LDL level was associated with a fraction of the reduction of blood pressure and seemed to be associ-
ated mostly with the improvement in central steady (diastolic) pressure14, and then contributed to a lesser degree 
of changes in AIx following eradication of HCV. In this investigation, patients with hypertension all treated by 
anti-hypertensive drugs and also showed higher aortic stiffness than non-hypertension patients that indicated 
the possible detrimental impacts on diseased arteries of hypertensive patients. Other factors including tobacco 
use, pre-existing chronic kidney disease, and coronary artery disease did not show impact on AIx following viral 
clearance. However, the patient number was small that could not make solid conclusion in this investigation.

The long-term implications of the above findings remain to be elucidated. An increase in AIx, a parameter 
of aortic stiffness, theoretically causes an increase in the afterload of heart and boosts aortic and left ventricular 
pressure in systole by causing the early return of the reflection wave24. These effects may degrade cardiac function.  
Furthermore, an increase in aortic stiffness reduces aortic pressure during diastole reducing the coronary perfu-
sion pressure and thereby predisposing patients to myocardial ischemia25. Patients with pre-existing heart failure 
or coronary artery disease may be at a risk of developing associated events during treatment and a short follow-up 
period. Experiences of serious adverse events during or after DAA therapy, especially cardiovascular events, 
which had previously not been recognized as being related to DAA therapy should be re-examined. Patients with 
simultaneous advanced fibrosis and disease background of cardiovascular or metabolic diseases that may predis-
pose them to deterioration of cardiovascular function should be closely monitored throughout DAA treatment 
and a short post-therapy follow-up period.

This study has limitations. The follow-up period was short. Lipid and arterial stiffness should be measured 
over a longer period after SVR12 is achieved. Based on the beneficial effects of interferon/ribavirin treatment 
on cardiovascular risk26, long-term findings concerning central arterial stiffness may differ from the short-term 
observations in this study and warrant further investigation. In this investigation, associated endothelial or 
cytokine factors following the course of DAA therapy were not evaluated. Further studies concerning these issues 
are needed. Finally, the number of patients with non-advanced fibrosis is limited, more patients enrolment is 
required to obtain more solid results.

In summary, the data herein suggest that LDL levels increase, along with aortic stiffness, shortly after the 
eradication of HCV by DAA treatment. These results seem to contradict current knowledge of the long-term ben-
eficial effects of curing HCV on cardiovascular risks. Further large-scale and long-term prospective investigations 
are required to address this interesting and important issue.

Methods
Patients. Patients who had CHC and underwent DAA therapy at the National Cheng Kung University 
Hospital from February 2017 to October 2017 were prospectively enrolled in this study. CHC was defined as 
positivity for anti-HCV antibody for more than six months with the presence of serum HCV RNA. Medical his-
tory, including co-morbid diseases, alcohol consumption, smoking status, co-medications, and CHC treatment 
history were reviewed. Eligible patients were followed up for 12 weeks following the completion of DAA therapy. 
Fasting blood sampling was carried out, and measurements of liver stiffness, waist circumference, body weight 
and body height made before therapy and at SVR12. Waist circumference ≥90 cm in males or ≥80 cm in females 
was regarded as abnormal. Patients who exhibited three of the five following characteristics were diagnosed as 
having metabolic syndrome; abnormal waist circumference, systolic blood pressure ≥130 mm Hg or diastolic 
blood pressure ≥85 mm Hg or currently taking blood pressure-lowering agents, high-density lipoprotein of cho-
lesterol <40 mg/dL in males or <50 mg/dL in females, fasting blood sugar ≥100 mg/dL or currently taking diabe-
tes medications, and triglyceride ≥150 mg/dL. In addition, Homeostasis Model Assessment (HOMA) of insulin 
resistance (IR) and beta cell function (β) were evaluated. The equation of HOMA-IR and HOMA-β was (fasting 
sugar × insulin)/405 and (360 × insulin)/(fasting sugar-63), respectively. Advanced liver fibrosis was defined as 
liver stiffness ≥9.5 kPa, measured by transient elastography (FibroScan®, Echosens, France) or Fibrosis-4 score 
≥3.25. The Research Ethics Committees of the National Cheng Kung University Hospital approved this investi-
gation (No: A-ER-105–479), which was conducted according to the guidelines of the International Conference 
on Harmonization for Good Clinical Practice. All patients provided written informed consent before enrollment.

Laboratory examinations. Blood samples were stored at −70 °C until testing. High-sensitivity C-reactive 
protein (hsCRP), lipid profiles including cholesterol, triglyceride, low-density lipoprotein of cholesterol (LDL), 
and high-density lipoprotein of cholesterol (HDL), and sugar profiles including fasting sugar, glycemic hemoglo-
bin (HbA1c), and insulin were obtained both before therapy and 12 weeks after the end of treatment. Quantitation 
of HCV RNA was using the real-time polymerase chain reaction (Abbott RealTime HCV quantitative assay; 
Abbott Molecular Inc., Des Plaines, IL, USA). Sustained virological response (SVR12) was defined as undetecta-
ble HCV RNA at 12 weeks after the end of DAA therapy.

Acquisition of peripheral pressure waveform signals, pressure wave reflection, and augmen-
tation index. All tests were carried out in the morning (9:00~11:00am). Before any tests were performed, all 
subjects rested in a sitting position for five minutes in a quiet, temperature-controlled (26° ± 1 °C) room. PWA 
was carried out using a SphygmoCor XCEL PWA (AtCor, Sydney, Australia). A conventional brachial cuff on 
the right upper arm of each subject was used to measure brachial systolic and diastolic pressures, and a brachial 
waveform was thus captured. The brachial waveform was then analyzed using SphygmoCor to provide a central 
aortic waveform. Central blood pressure measurements, such as those of central aortic systolic blood pressure, 
central pulse pressure and AIx, were made. AIx measures the degree to which the peak of a measured pressure 
wave exceeds the peak of the incident pressure wave owing to the addition of the reflected pressure wave. The 
AIx depends on the timing and magnitude of the reflected waveform and is affected by the compliance and 
structure of vessels distal to the site of measurement. The SphygmoCor system uses the more common AIx as the 

https://doi.org/10.1038/s41598-018-37829-4


www.nature.com/scientificreports/

7Scientific RepoRts |          (2019) 9:1426  | https://doi.org/10.1038/s41598-018-37829-4

augmentation pressure (central systolic pressure minus inflection pressure) divided by the pulse pressure (central 
systolic minus central diastolic pressure), expressed as a percentage. The AIx ratio was controlled at a hear rate 
of 75 beats/min.

Statistical analyses. The data were expressed as mean plus standard deviation. Continuous variables were 
compared by the Student t test and categorical variables were compared using the Chi-Square test or Fisher’s exact 
test. Comparisons of lipid profiles, sugar profiles, hsCRP, and parameters of arterial stiffness before treatment and 
12 weeks following the end of treatment were carried out using the paired t test. The correlation between AIx and 
age was evaluated. Analysis of the associated metabolic factors of increased AIx was carried out by multivariate 
linear regression analysis. All tests were two-tailed. A p value of less than 0.05 was considered to indicate statis-
tically significance.

References
 1. Gower, E. et al. Global epidemiology and genotype distribution of the hepatitis C virus infection. J. Hepatol. 61, Suppl:S45 (2014).
 2. Lee, M. H. et al. Chronic hepatitis C virus infection increases mortality from hepatic and extrahepatic diseases: a community-based 

long-term prospective study. J. Infect Dis. 206, 469–477 (2012).
 3. Vassalle, C. et al. Evidence for association between hepatitis C virus seropositivity and coronary artery disease. Heart. 90, 565–566 

(2004).
 4. Ishizaka, N. et al. Association between hepatitis C virus seropositivity, carotid-artery plaque, and intima-media thickening. Lancet. 

359, 133–135 (2002).
 5. McEniery, C. M. et al. Central blood pressure: current evidence and clinical importance. Eur Heart J. 35, 1719–1725 (2014).
 6. Vlachopoulos, C. et al. Prediction of cardiovascular events and all-cause mortality with central haemodynamics: a systematic review 

and meta-analysis. Eur Heart J. 31, 1865–1871 (2010).
 7. Mitchell, G. F. et al. Arterial stiffness and cardiovascular events: the Framingham Heart Study. Circulation. 121, 505–511 (2010).
 8. Tomiyama, H. et al. Hepatitis C virus seropositivity, but not hepatitis B virus carrier or seropositivity, associated with increased pulse 

wave velocity. Atherosclerosis. 166, 401–403 (2003).
 9. Chou, C. H. et al. Effects of chronic hepatitis C infection on arterial stiffness. J. Am Soc Hypertens. 11, 716–723 (2017).
 10. Mauss, S. et al. Effect of antiviral therapy for HCV on lipid levels. Antivir Ther. 21, 81–88 (2017).
 11. Hashimoto, S. et al. Rapid Increase in Serum Low-Density Lipoprotein Cholesterol Concentration during Hepatitis C Interferon-

Free Treatment. PLoS One. 11, e0163644 (2016).
 12. Sun, H. Y. et al. Favouring modulation of circulating lipoproteins and lipid loading capacity by direct antiviral agents grazoprevir/

elbasvir or ledipasvir/sofosbuvir treatment against chronic HCV infection. Gut. 0, 1–9 (2017).
 13. Factors Collaboration, E. R. et al. Lipid-related markers and cardiovascular disease prediction. JAMA. 307, 2499–2506 (2012).
 14. Lamarche, F. et al. Central and brachial blood pressures, statins, and low-density lipoprotein cholesterol. A mediation analysis. 

Hypertension. 71, 415–421 (2018).
 15. Nickenig, G. et al. Upregulation of vascular angiotensin II receptor gene expression by low-density lipoprotein in vascular smooth 

muscle cells. Circulation. 95, 473–478 (1997).
 16. Cominacini, L. et al. The binding of oxidized low density lipoprotein (ox-LDL) to ox-LDL receptor-1 reduces the intracellular 

concentration of nitric oxide in endothelial cells through an increased production of superoxide. J. Biol Chem. 276, 13750–13755 
(2001).

 17. Gutierrez, J. 1 et al. Pulsatile and steady components of blood pressure and subclinical cerebrovascular disease: the Northern 
Manhattan Study. J. Hypertens. 33, 2115–2122 (2015).

 18. Kaess, B. M. et al. Relations of Central Hemodynamics and Aortic Stiffness with Left Ventricular Structure and Function: The 
Framingham Heart Study. J. Am Heart Assoc. 5, e002693 (2016).

 19. Hengst, J. et al. Direct-Acting Antiviral-Induced Hepatitis C Virus Clearance Does Not Completely Restore the Altered Cytokine 
and Chemokine Milieu in Patients With Chronic Hepatitis C. J. Infect Dis. 214, 1965–1974 (2016).

 20. Carlin, A. F. et al. Temporal dynamics of inflammatory cytokines/chemokines during sofosbuvir and ribavirin therapy for genotype 
2 and 3 hepatitis C infection. Hepatology. 62, 1047–1058 (2015).

 21. Lacy, P. S. et al. Increased pulse wave velocity is not associated with elevated augmentation index in patients with diabetes. J. 
Hypertens. 22, 1937–1944 (2004).

 22. Higaki, T. et al. Reduction of Central Blood Pressure in Response to Oral Glucose Loading Is Blunted in Patients With Diabetes 
Mellitus. Am J. Hypertens. 29, 357–364 (2016).

 23. Prenner, S. B. & Chirinos, J. A. Arterial stiffness in diabetes mellitus. Atherosclerosis. 238, 370–379 (2015).
 24. Adji, A., O’Rourke, M. F. & Namasivayam, M. Arterial stiffness, its assessment, prognostic value, and implications for treatment. Am 

J Hypertens. 24, 5–17 (2011).
 25. O’Rourke, M. F. How stiffening of the aorta and elastic arteries leads to compromised coronary flow. Heart. 94, 690–691 (2008).
 26. Cacoub, P. et al. ANRS CO12 CirVir group. Prognostic value of viral eradication for major adverse cardiovascular events in hepatitis 

C cirrhotic patients. Am Heart J. 198, 4–17 (2018).

Acknowledgements
The authors would like to thank Prof. JH Kao from National Taiwan University Hospital for valuable suggestions 
in preparing and writing manuscript. The Ministry of Science and Technology of the Republic of China, Taiwan, 
for financially supporting this research under contract MOST 106-2314-B-006-046.

Author Contributions
P.N.C., study design, data collection and analysis, and manuscript writing; C.J.Y., study design, data analysis, and 
assistance in manuscript writing; Y.C.C., data collection and analysis; C.H.C., data collection and analysis; T.L.M., 
study design and data analysis.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1038/s41598-018-37829-4


www.nature.com/scientificreports/

8Scientific RepoRts |          (2019) 9:1426  | https://doi.org/10.1038/s41598-018-37829-4

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-018-37829-4
http://creativecommons.org/licenses/by/4.0/

	Augmenting central arterial stiffness following eradication of HCV by direct acting antivirals in advanced fibrosis patient ...
	Results
	Baseline characteristics of patients. 
	Response to treatment and changes in lipid/sugar profiles. 
	Brachial and central blood pressures. 

	Discussion
	Methods
	Patients. 
	Laboratory examinations. 
	Acquisition of peripheral pressure waveform signals, pressure wave reflection, and augmentation index. 
	Statistical analyses. 

	Acknowledgements
	Figure 1 Comparisons of central diastolic pressure and augmentation index before.
	Figure 2 Comparisons of augmentation index following SVR12 in CHC patients with advanced fibrosis and pre-existed co-morbid diseases.
	Table 1 Baseline characteristic of the 102 patients.
	Table 2 Comparison of lipid, arterial pressures, and liver/arterial stiffness associated parameters of non-advanced fibrosis and advanced fibrosis patients.




