
UCLA
UCLA Previously Published Works

Title
Impact of sustained virologic response on chronic kidney disease progression in hepatitis 
C

Permalink
https://escholarship.org/uc/item/4z98c2g1

Journal
World Journal of Hepatology, 9(36)

ISSN
1948-5182

Authors
Aby, Elizabeth S
Dong, Tien S
Kawamoto, Jenna
et al.

Publication Date
2017-12-28

DOI
10.4254/wjh.v9.i36.1352
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4z98c2g1
https://escholarship.org/uc/item/4z98c2g1#author
https://escholarship.org
http://www.cdlib.org/


Elizabeth S Aby, Tien S Dong, Jenna Kawamoto, Joseph R Pisegna, Jihane N Benhammou

ORIGINAL ARTICLE

1352 December 28, 2017|Volume 9|Issue 36|WJH|www.wjgnet.com

Impact of sustained virologic response on chronic kidney 
disease progression in hepatitis C 

Retrospective Study

Elizabeth S Aby, Tien S Dong, Jenna Kawamoto, Joseph R 
Pisegna, Jihane N Benhammou, Division of Gastroenterology, 
Hepatology and Parenteral Nutrition, Department of Medicine, 
VA Greater Los Angeles Healthcare System, Los Angeles, CA 
90073, United States

Elizabeth S Aby, Tien S Dong, Joseph R Pisegna, Jihane 
N Benhammou, the Vatche and Tamar Manoukian Division of 
Digestive Diseases, UCLA Los Angeles, Department of Medicine, 
University of California David Geffen School of Medicine, Los 
Angeles, CA 90095, United States

ORCID number: Elizabeth S Aby (0000-0002-1809-2658); 
Tien S Dong (0000-0003-0105-8063); Jenna Kawamoto 
(0000-0003-4879-5992); Joseph R Pisegna (0000-0002-5442-2474); 
Jihane N Benhammou (0000-0003-2442-5145).

Author contributions: Aby ES, Dong TS, Kawamoto J, Pisegna 
JR and Benhammou JN were involved in study concept and 
design; Aby ES and Dong TS were involved in data acquisition; 
Aby ES, Dong TS and Benhammou JN were involved in analysis 
and interpretation of data; Aby ES drafted the manuscript; Dong 
TS, Pisegna JR and Benhammou JN were involved in critical 
revision of the manuscript for important intellectual content; 
Dong TS performed the statistical analysis; Pisegna JR provided 
administrative, technical and material support as well as study 
supervision.

Supported by Department of Veterans Affairs RR and D Merit 
Review, No. I01 RX000194 (to Pisegna JR); Human Studies 
CORE through CURE: Digestive Diseases Research Center 
supported by NIH grant; Nos. P30DK41301 (to Pisegna JR) and 
NIH T32 DK07180-43 (to Benhammou JN).

Institutional review board statement: This study was 
approved by the VA Institutional Review Board and the Research 
and Development Committee at VA Greater Los Angeles Health 
System (VAGLAHS). Tracking Number 2016-100938.

Informed consent statement: Due to the retrospective nature 
of this study, an exempt for informed consent was approved by 
the VA institutional review board.

Conflict-of-interest statement: The authors have no conflicts 
of interest to disclose.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Jihane N Benhammou, MD, the Vatche 
and Tamar Manoukian Division of Digestive Diseases, Department 
of Medicine, David Geffen School of Medicine, 11301 Wilshire 
Blvd., Los Angeles, CA 90073, 
United States. jbenhammou@mednet.ucla.edu
Telephone: +1-310-2683131
Fax: +1-310-2684096

Received: October 6, 2017 
Peer-review started: October 6, 2017 
First decision: November 7, 2017
Revised: November 17, 2017 
Accepted: December 5, 2017
Article in press: December 6, 2017
Published online: December 28, 2017

Abstract
AIM
To determine how sustained virological response at 12 wk 
(SVR12) with direct acting antivirals (DAAs) for the 
treatment of hepatitis C virus (HCV) infection affects 
chronic kidney disease (CKD) progression. 

METHODS
A retrospective analysis was performed in patients 
aged ≥ 18 years treated for HCV with DAAs at the 
VA Greater Los Angeles Healthcare System from 
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2014-2016. The treatment group was compared to 
patients with HCV from 2011-2013 who did not undergo 
HCV treatment, prior to the introduction of DAAs; the 
control group was matched to the study group in terms 
of age, gender, and ethnicity. Analysis of variance and 
co-variance was performed to compare means between 
SVR12 subgroups adjusting for co-variates.

RESULTS
Five hundred and twenty-three patients were evaluated. 
When comparing the rate of change in estimated 
glomerular filtration rate (eGFR) one-year after HCV 
treatment to one-year before treatment, patients who 
achieved SVR12 had a decline in GFR of 3.1 mL/min 
± 0.75 mL/min per 1.73 m2 compared to a decline 
in eGFR 11.0 mL/min ± 2.81 mL/min per 1.73 m2 in 
patients who did not achieve SVR12 (P  = 0.002). There 
were no significant clinical differences between patients 
who achieved SVR12 compared to those who did not 
in terms of cirrhosis, treatment course, treatment 
experience, CKD stage prior to treatment, diuretic use 
or other co-morbidities. The decline in eGFR in those 
with untreated HCV over 2 years was 2.8 mL/min ± 
1.0 mL/min per 1.73 m2, which was not significantly 
different from the eGFR decline noted in HCV-treated 
patients who achieved SVR12 (P  = 0.43).

CONCLUSION
Patients who achieve SVR12 have a lesser decline in 
renal function, but viral eradication in itself may not be 
associated improvement in renal disease progression.

Key words: Hepatitis C; Direct-acting antivirals; Chronic 
kidney disease; End stage renal disease; Sustained 
virological response

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In hepatitis C patients treated with direct acting 
antivirals, there is a lesser decline in renal function 
in those who are treated and achieved sustained 
virological response at 12 wk (SVR12) compared to 
those who do not achieve SVR12. However, the decline 
in renal function is no different between those who 
achieve SVR12 and those who are never treated. This 
suggests that viral eradication may not be associated 
improvement in the progression of renal disease 
and other factors, such as cryoglobulinemia, may be 
implicated in renal disease progression.
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INTRODUCTION
Hepatitis C virus (HCV) is a significant public health 

issue that affects around 3 million individuals in the 
United States[1]. The prevalence of chronic HCV infection 
in veterans affairs (VA) healthcare users is more than 
2-fold higher than the general United States population, 
thus being the nation’s largest provider for HCV care[2,3].

The consequences of HCV infection extend beyond 
the liver, including renal complications such as mem-
branoproliferative glomerulonephritis (MPGN) in the 
setting of cryoglobulinemia[4]. Patients with HCV 
were found to have a five-fold increase in the odds of 
developing MPGN compared with individuals who were 
not infected[5]. Chronic HCV infection has also been 
associated with reductions in glomerular filtration rate 
(GFR) < 60 mL/min per 1.73 m2, development of end-
stage renal disease (ESRD), and a rapid decline in renal 
function[4,6-9]. Interestingly, the duration of chronic HCV 
infection influences the risk of developing chronic kidney 
disease (CKD)[10]. Previous systematic reviews suggest a 
relationship between HCV infection and higher incidence 
of low estimated GFR (eGFR)[11]. In a meta-analysis 
of nearly 3 million individuals, chronic HCV infection 
predicted a 51% increase in the risk of proteinuria and 
a 43% increase in the incidence of CKD[11]. CKD is an 
important public health problem as it increases the 
likelihood of adverse outcomes and is associated with 
high healthcare costs[12].

Given that HCV infection is associated with CKD 
progression, the aim of our study was to determine 
if the achievement of sustained virological response 
at 12 wk (SVR12) with interferon-free, direct acting 
antivirals (DAAs) impacts the progression of CKD. We 
hypothesize that viral eradication would result in a 
reduction in CKD progression. No previous study has 
rigorously investigated whether eradication of HCV 
infection with newer DAA therapies is associated with 
improved renal function.

MATERIALS AND METHODS
Data source and study population: The VA Greater Los 
Angeles Healthcare System (VAGLAHS) institutional 
review board approved this study. Data were abstracted 
using the Corporate Data Warehouse, a national 
repository of patient data, for all patients evaluated at the 
VAGLAHS. A retrospective medical records review was 
performed by reviewing those patients over 18 years of 
age who initiated hepatitis C treatment with interferon-
free DAAs from January 1st, 2014 to June 1st, 2016. The 
control group consisted of patients over 18 years of age 
who did not undergo hepatitis C treatment from January 
1st, 2011 to January 1st, 2013, prior to the introduction of 
DAAs; the control group was matched to the study group 
in terms of age, gender and ethnicity. 

Baseline patient characteristics
Demographic data, including age, gender, body mass 
index (BMI) and ethnicity, were obtained at the initial 
visit. Baseline laboratory data were collected at the 
time of initial visit. Serum creatinine and estimated 
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GFR was collected yearly for two consecutive years 
before and one year after treatment. Patients were 
excluded if there was incomplete kidney function data 
one year after treatment. Patients were also excluded 
if they were lost to follow-up or died within 1 year 
of treatment. The diagnoses of comorbidities were 
based on International Classification of Disease, Ninth 
Revision and/or Tenth Revision, Clinical Modification 
(ICD-9 CM/ICD-10 CM) and use of anti-hypertensive 
or diabetes medications. The ICD-9/ICD-10 codes 
that were used were 250.00-250.93/E08-E13 for 
diabetes mellitus and 401.0, 401.1 and 401.9/I10 
for essential hypertension. Cirrhosis and diuretic use 
were determined through chart review of hepatology 
provider notes. Patients receiving hemodialysis therapy 
were excluded. HCV patients were identified by ICD-9/
ICD-10 coding, 070.0-0.70.1/B18.2 and B19.2. The 
primary outcome of our study was SVR12, which was 
defined as an undetectable HCV RNA (< 15 IU/mL) 8, 
12 wk or beyond the conclusion of treatment[13]. 

Statistical analysis
Patient characteristics were measured by continuous 
and categorical variables. The baseline stage of kidney 
disease was measured with the GFR at the time of 
treatment as defined by the National Kidney Foundation 
Kidney Disease Outcomes Quality Initiative[14]. The 
mean values of baseline characteristic were analyzed 
using student’s t-test. Proportions were compared using 
χ 2 test. Medians were compared using the Wilcoxon 
rank-sum test. The mean GFR of the control group 
and the treatment group was tested for a normal 
distribution by using a kernel density estimation. Mean 
GFR between groups were compared using analysis of 
variance. Analyzed covariates included gender, age by 
tertile, ethnicity, treatment experience, HCV genotype, 
treatment regimen, baseline kidney disease, diuretic 
use, and the presence of such comorbidities as obesity, 
hypertension, diabetes, heart failure (CHF), coronary 
artery disease (CAD), and peripheral artery disease 
(PAD). In addition, the change in eGFR from 1-year 
prior to DAA initiation was calculated and compared to 
the change in eGFR between DAA initiation and 1-year 
post-DAAs; a paired t-test was performed. A P value 
of < 0.05 was considered as significant. Data analysis 
was done using STATA® v14.2. 

RESULTS
A total of 523 patients met inclusion criteria for the 
study. Baseline characteristics of the cohort are 
presented in Table 1. The majority of patients were 
white males with a mean age of 62.7 (SE ± 0.3) 
years. A total of 48.6% had cirrhosis and 22.4% 
were treatment-experienced. Thirty-two percent had 
diabetes, 68.5% had hypertension, 10.1% had CAD, 
4.2% had CHF and 2.9% had been diagnosed with PAD. 
The most common genotype was genotype 1a (53.2%) 
followed by genotype 1b (28.1%). The most common 

HCV treatment regimen was a combination of ledipasvir 
with sofosbuvir followed by sofosbuvir plus ribavirin. 
The majority of patients were CKD stages 1 or 2 prior to 
HCV treatment. 

Within the treated groups, there was a significant 
difference in age between patients who achieved SVR12 
compared to those who did not, with the group who 
achieved SVR12 being slightly older (P = 0.02). There 
were no other significant clinical differences between 
patients who achieved SVR12 compared to those who 
did not in terms of gender, ethnicity, cirrhosis, treatment 
course, treatment experience, CKD stage prior to 
treatment, diuretic use or other co-morbidities.

The control group consisted of 439 patients who were 
not treated for HCV and followed from January 1st, 2011 
to January 1st, 2013. These patients were not treated 
for HCV given that DAAs were not available at VAGALHS 
during that time period. Baseline characteristics of the 
study population and control groups are shown in Table 
2. The control group was matched to the treatment 
group by age, gender, and ethnicity. The control group 
was not statistically different from the cohort of HCV 
treated patients in terms of age, gender, ethnicity, HCV 
genotype, diabetes, CAD, PAD, CKD stage prior to 
treatment, and diuretic use. The median MELD score 
(interquartile range) for the cirrhotic patients at baseline 
was 8.4 (7.49-9.72) in the treatment group compared 
to 7.7 (6.43-9.16) in the control group that did not 
undergo treatment; there were no significant differences 
in MELD score between groups (P = 0.19). There were 
significantly more patients with cirrhosis and obesity 
(BMI > 30 kg/m2) in the cohort who underwent HCV 
treatment compared to the control group (P = 0.001, 
0.005 respectively). The control group, however, had 
significantly more patients with hypertension and CHF 
compared to the cohort who underwent HCV treatment (P 
= 0.02, 0.001 respectively).

When comparing the rate of change in eGFR one-
year after HCV treatment compared to one-year before 
treatment, patients who achieved SVR12 had a decline 
in GFR of 3.1 mL/min ± 0.75 mL/min per 1.73 m2 
compared to a decline in eGFR 11.0 mL/min ± 2.81 
mL/min per 1.73 m2 in patients who did not achieve 
SVR12 (P = 0.002; Figure 1). In those who achieved 
SVR12, the change in eGFR 1-year prior to treatment 
was -6.2 mL/min ± 1.06 mL/min per 1.73 m2 
compared to -1.8 mL/min ± 0.75 mL/min per 1.73 m2 
in the year following DAA therapy; those who achieved 
SVR12 had a lesser decline in renal function following 
DAA treatment (P = 0.002). In those who were treated 
with DAAs but did not achieve SVR12, the change in 
eGFR 1-year prior to treatment was -5.4 mL/min ± 
2.79 mL/min per 1.73 m2 compared to -7.42 mL/min 
± 2.2 mL/min per 1.73 m2 in the year following DAA 
therapy (P = 0.62). In the control group, the decline in 
eGFR over two years was 2.8 mL/min ± 1.0 mL/min per 
1.73 m2. This decline in eGFR in untreated patients over 
two years was not significantly different from the eGFR 
decline noted in patients who achieved SVR12 after 
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HCV treatment (P = 0.43).
Figure 2 demonstrates the rate of change in eGFR 

one-year after HCV treatment compared to one-year 
before treatment stratified by genotype. In patients 
with genotype 1a and 1b, there was less of a decline 

in eGFR between one-year before HCV treatment 
compared to one-year after treatment in patients who 
achieved SVR12 compared to those who did not (P 
= 0.02). There was no significant difference in eGFR 
decline between patients who achieved SVR12 and 

 All patients 
(n  = 523)

SVR12 not achieved 
(n  = 38)

SVR12 achieved 
(n  = 485)

P  value

Age (mean, yr) (SE) 62.7 (0.3) 60.5 (1.1) 63.0 (0.3)    0.02a

Gender (%)
   Male (n = 512) 97.9 94.7 97.9   0.81
   Female (n = 11)   2.1   5.3   2.1
Ethnicity (%)
   White (n = 278) 53.2 52.6 56.3   0.78
   Black or African American (n = 174) 33.3 34.3 33.2
   American Indian or Alaska Native (n = 11)   2.1   2.6   2.1
   Asian (n = 4)   0.8   2.6   0.6
   Native Hawaiian or other pacific islander (n = 5)   1.0   0.0   1.0
   Unknown/declined to answer (n = 51)   9.8   7.9   9.9
Cirrhosis (%)
   Non-cirrhotic (n = 269) 51.4 47.2 51.7   0.31
   Cirrhosis (n = 254) 48.6 52.8 48.3
Treatment experience (%)
   Treatment naive (n = 406) 77.6 73.7 77.9   0.54
   Treatment experienced (n = 117) 22.4 26.3 22.1
HCV genotype (%)
   HCV genotype 1a (n = 278) 53.2 50.7 53.3   0.44
   HCV genotype 1b (n = 147) 28.1 22.2 28.6
   HCV genotype 2 (n = 48)   9.2 12.6   8.9
   HCV genotype 3 (n = 40)   7.6 17.1   6.9
   HCV genotype 4 (n = 6)   1.1   0.0   1.2
   HCV genotype 6 (n = 1)   0.2   0.0   0.2
   Combination (n = 3)   0.6   0.0   0.6
Treatment (%)
   Dasabuvir, ombitasvir, paritaprevir and ritonavir (n = 104) 19.9 23.7 19.6   0.68
   Ledipasvir and sofosbuvir (n = 200) 38.2 44.7 37.7
   Simeprevir (n = 55) 10.5   5.3 10.9
   Sofosbuvir + Ribavirin (n = 164) 31.4 26.3 31.8
Obesity (%)
   BMI < 30 (n = 284) 54.3 63.5 53.6   0.25
   Obese (n = 239) 45.7 36.5 46.4
Hypertension (%)
   No hypertension (n = 177) 33.8 47.5 32.8   0.07
   Hypertension (n = 346) 68.5 52.5 67.2
Diabetes (%)
   No diabetes (n = 358) 31.5 73.5 68.1   0.47
   Diabetes (n = 165) 30.9 26.5 31.9
Congestive heart failure (%)
   No congestive heart failure (n = 501) 95.8 97.4 95.7 0.2
   Congestive heart failure (n = 22)   4.2   2.6   4.3
Coronary artery disease (%)
   No coronary artery disease (n = 469) 89.7 94.7 89.3 0.12
   Coronary artery disease (n = 53) 10.1   2.6 10.7
Peripheral arterial disease (%)
   No peripheral arterial disease (n = 508) 97.1 94.7 97.2 0.99
   Peripheral arterial disease (n = 15)   2.9   5.3   2.7
Baseline CKD before treatment (%)
   Stage 1 CKD (n = 263) 50.3 60.5 49.5 0.24
   Stage 2 CKD (n = 218) 41.7 39.5 41.9
   Stage 3 CKD (n = 41)   7.8   0.0   8.5
   Stage 4 CKD (n = 1)   0.2   0.0   0.2
Diuretic use (%)
   No diuretic use (n = 367) 70.2 71.1 70.1 0.9
   Diuretic use (n = 156) 29.8 28.9 29.9

Table 1  Baseline characteristics for patients undergoing treatment for hepatitis C virus at the West Los Angeles Veterans 
Administration

aSignificant P-value, P < 0.05. CKD: Chronic kidney disease; HCV: Hepatitis C virus; SVR12: Sustained virological response at 12 wk following therapy.
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those who did not in genotypes 2 (n = 48) and 3 (n = 40).
Figure 3 shows the rate of change in eGFR one-

year after HCV treatment compared to one-year before 
treatment separated out by treatment type. In patients 
treated with dasabuvir, ombitasvir, paritaprevir, and 
ritonavir and ledipasvir/sofosbuvir, there was less 
of a decline in eGFR between one-year before HCV 
treatment compared to one-year after treatment in 
patients who achieved SVR12 compared to those who 
did not (P = 0.005). In patients treated with sofosbuvir, 
there was not statistically significant difference in the 
rate of change in eGFR between those achieved SVR12 

compared to those who did not (P = 0.68) although the 
decline in eGFR was less in those who achieved SVR12. 

DISCUSSION
In this single-center cohort of Veterans, we demonstrate 
that patients who achieved SVR12 with interferon-
free DAAs had a reduced progression of renal disease 
that was statistically significant compared to patients 
who did not achieve SVR12. However, there were no 
significant differences in renal function decline between 
patients who were not treated with DAAs compared to 

 All patients (n  = 523) Control patients (n  = 439) P  value

Age (mean, yr) (SE) 62.8 (0.3) 63.2 (0.3)   0.13
Gender (%)
   Male 97.9 98.1   0.75
   Female   2.1   1.9
Ethnicity (%)
   White 53.2 55.4 0.3
   Black or African American 33.3 35.1
   American Indian or Alaska Native   2.1   2.5
   Asian   0.8   0.5
   Native Hawaiian or other pacific islander   1.0   0.9
   Unknown/declined to answer   9.8   5.7
Cirrhosis (%)
   Non-cirrhotic 51.4 72.0      0.001a

   Cirrhosis 48.6 28.0
HCV genotype (%)
   HCV genotype 1a 53.2 55.9   0.31
   HCV genotype 1b 28.1 22.8
   HCV genotype 2   9.2 11.8
   HCV genotype 3   7.6   6.7
   HCV genotype 4   1.1   1.7
   HCV genotype 6   0.2   0.0
Obesity (%)
   BMI < 30 54.3 63.3      0.005a

   Obese 45.7 36.7
Hypertension (%)
   No hypertension 33.8 26.7    0.02a

   Hypertension 68.5 73.3
Diabetes (%)
   No diabetes 68.5 64.0   0.15
   Diabetes 31.5 36.0
Congestive heart failure (%)
   No congestive heart failure 95.8 90.4      0.001a

   Congestive heart failure   4.2   9.6
Coronary artery disease (%)
   No coronary artery disease 89.7 88.4   0.46
   Coronary artery disease 10.1 11.6
Peripheral arterial disease (%)
   No peripheral arterial disease 97.1 95.2   0.09
   Peripheral arterial disease   2.9   4.8
Baseline CKD before treatment (%)
   Stage 1 CKD 50.3 47.1   0.56
   Stage 2 CKD 41.7 37.8
   Stage 3 CKD   7.8   5.4
   Stage 4 CKD   0.2   0.4
Diuretic use (%)
   No diuretic use 70.2 67.2 0.3
   Diuretic use 29.8 32.8

Table 2  Baseline characteristics for patients undergoing treatment for hepatitis C virus at the West Los Angeles Veterans 
Administration compared to patients with hepatitis C virus who did not undergo treatment

aSignificant P-value, P < 0.05. CKD: Chronic kidney disease; HCV: Hepatitis C virus; BMI: Body mass index.

Aby ES et al . Impact of DAAs on kidney disease
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those who were treated and achieved SVR12. 
While there appears to be an association between 

HCV infection and progression CKD, the mechanism of 
HCV-induced kidney injury continues to be debated. 
One hypothesis is that HCV triggers immune and 
inflammatory responses locally, within vascular tissues, 
or potentially systemically through inflammatory 
mediators, causing atherothrombosis and thus pro-
gression of CKD[11]. Immune complex deposition with 
HCV proteins and anti-HCV antibodies may provoke 
kidney injury[15]. HCV RNA and related proteins have 
been found in mesangial cells and the existence of these 
HCV-related proteins in the mesangium is associated 
higher proteinuria, which may suggest HCV infection 
causes direct mesangial injury[16]. Another thought 
is that HCV seropositive status induces accelerated 

atheromatous disease at the kidney level[11]. There is 
also clinical and laboratory evidence that suggests that 
HCV infection may be associated with insulin resistance 
and susceptibility to diabetes, which may lead to 
endothelial dysfunction and oxidative stress[11,17,18].

There was no significant difference in renal function 
decline between those who were treated for HCV and 
achieved SVR12 and those who were not treated for 
HCV. These results are similar to previous studies. A 
meta-analysis looking at the effect of antiviral therapy on 
HCV-associated CKD showed that HCV RNA clearance 
with interferon based therapy was not associated with a 
decrease in serum creatinine in the group that achieved 
SVR12 compared to the group that did not[19]. However, 
those who achieved SVR12 did have a decrease in 
protein excretion[19]. There was inadequate data on 
proteinuria, given the retrospective design and given 
proteinuria is infrequently ordered by physicians at our 
center, thus we were unable to determine the impact 
of SVR12 on proteinuria.

The fact that there were no significant differences in 
renal function decline between patients who were not 
treated with DAAs compared to those who were treated 
and achieved SVR12, suggests that viral eradication 
may not be associated improvement in the progression 
of renal disease. In patients with MPGN and type Ⅱ 
cryoglobulinemia, there may be virological clearance 
with DAA therapy, but there may be persistence of 
cryoglobulinemia, which may lead to persistent renal 
decline. Circulating cryoglobulins are detected in a large 
number of patients with HCV, however, only a minority of 
patients will experience clinical manifestations, thus some 
cases of cryoglobulinemia may remain undetected[20]. 

A recent study by Emery et al[21], showed that despite 
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Figure 1  Rate of change in glomerular filtration rate one-year after 
hepatitis C virus treatment compared to one-year before treatment in 
relation to achievement of sustained virological response at 12 wk (P = 
0.002). GFR: Glomerular filtration rate; SVR12: Sustained virological response 
at 12 wk following therapy.
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relation to achievement of sustained virological response at 12 wk 
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high SVR rates after DAA treatment in patients with 
HCV associated mixed cryoglobulinemia only 29.4% 
of symptomatic patients had complete cryoprecipitate 
clearance despite achievement of SVR12. Work by 
Gragnani et al[22] showed a 100% SVR12 rate, however 
reported that only 34% of patients had full complete 
response, defined as disappearance of all the baseline 
symptoms, with follow-up to 24 wk. However, a recent 
case series suggests that in patients with HCV and mixed 
cryoglobulinemia syndrome treated with DAAs that there 
is an improvement in renal function, even in patients not 
concomitantly treated with immunosuppression[23].

Another explanation as to why achievement of 
SVR12 may not improve renal disease progression is 
that patients may have intrinsic renal disease prior to 
treatment, such as MPGN, and these patients will have 
CKD progression despite achieving SVR12; this has been 
previously described in the literature in case reports[24]. 
However, other reports have suggested that DAA therapy 
can result in successful treatment of HCV-associated 
MPGN with improvement in creatinine and proteinuria[25]. 
Furthermore, the patient population studied was unique - 
it is comprised of Veterans who are predominantly male, 
older in age, have a higher prevalence of CKD compared 
to the general population, and often have significant 
co-morbidities associated with CKD, such as diabetes 
mellitus, hypertension, vascular disease, and cancer[26]. 
Given the high prevalence of CKD and associated co-
morbidities in this veteran population, CKD progression 
may have occurred despite SVR12 given the other 
presence of co-morbidities that drive CKD progression. 

An alternative explanation could also be that although 
HCV clearance may have renal sparing effects, there 
many be a component of direct nephrotoxicity due 
to DAA therapy. In patients treated with Viekira or 
ledipasvir and sofosbuvir, there was a greater decline in 
eGFR in those who did not achieve SVR12 compared to 
those who achieved SVR12. However, the sample sizes 
for each treatment group are too small to make any 
definitive conclusions. Previous treatment with interferon-
based therapy was associated with acute kidney injury, 
however kidney injury has not been attributed to any 
DAA therapy[27]. Sofosbuvir’s circulating metabolite 
GS-331007 is renally cleared, thus there is a concern of 
Sofosbuvir use in patients with eGFR < 30 mL/min, but 
further work is needed to investigate the cases of kidney 
injury in patients following Sofosbuvir treatment[28].

There is a greater decline in renal function in those 
who were treated with DAAs and did not achieve SVR12 
compared to those who were never treated. However, the 
group that did not achieve SVR12 following treatment had 
a greater proportion of cirrhotic patients when compared 
to the control group who did not undergo treatment. Given 
that the group who did not achieve SVR12 had a greater 
proportion of patients with cirrhosis, this group may have 
been more ill and thus had a higher propensity to undergo 
complications, such as hepatorenal syndrome, which may 
contribute to worsening renal function. 

Our study has a number of limitations. First, this is 
a single center study restricted to Veteran health care 
users; therefore, the results may not be generalizable to 
non-Veteran populations, given the higher prevalence of 
baseline CKD and only a few women. Its retrospective 
nature may result in bias due to confounding variables, 
including unmeasured patient characteristics. The 
Modification of Diet in Renal Disease (MDRD) equation used 
to estimate GFR might be less accurate among patients 
in hepatitis C and cirrhosis because of abnormalities in 
protein metabolism as well as muscle wasting. In patients 
with cirrhosis, serum creatinine is a poor measure of 
GFR, however it is often used as a surrogate marker[29,30]. 

Finally, our follow-up time was short due to the recent 
introduction of DAAs. For our treatment cohort, there was 
not enough eGFR data two years following treatment, thus 
we were only able to evaluate eGFR changes one year 
following treatment. It is possible that the strength and 
degree of the associations described in the study might 
differ if the follow up period was extended. 

Our study may have implications for clinical practice. 
Clinicians may be prompted to discuss the need for ESRD 
surveillance in their patients with HCV prior to treatment 
with DAAs. The current KDIGO guidelines suggest the 
patients with HCV be tested annually for proteinuria and 
eGFR, however the guideline is rated weak given it is 
based on expert judgment[31]. Given the lack of strong 
guidelines, it is likely that patients with HCV are not being 
screened for ESRD.

In summary, we found that there was a lesser decline 
in renal function in patients who achieved SVR12 compared 
to those who did not, however there were no significant 
differences in renal function decline between patients who 
were not treated compared to those who were treated and 
achieved SVR12. Additional research is needed to confirm 
these results in multi-institutional studies with longer 
duration of follow-up. Further work is required to develop 
screening guidelines for kidney disease in patients with HCV. 

ARTICLE HIGHLIGHTS
Research background
Hepatitis C virus (HCV) is a significant public health issue in the United States 
and worldwide. The consequences of HCV infection extend beyond the liver, 
including renal complications. Patients with HCV are at risk for renal function 
decline and developing end-stage renal disease (ESRD). Chronic kidney 
disease (CKD) is an important public health problem as it increases the 
likelihood of adverse outcomes and is associated with high healthcare costs.

Research motivation
Given HCV infection places patients at risk for renal function decline and 
developing ESRD, it is valuable to understand how the clearance of HCV 
infection with interferon free, direct acting antiviral (DAA) therapy affects chronic 
kidney progression. Given the recent introduction of DAA therapy, the impact of 
HCV clearance on kidney disease has not been fully established. 

Research objectives 
The authors’ principal aim was to determine if the achievement of sustained 
virological response at 12 wk (SVR12) with interferon-free, DAAs impacts the 
progression of CKD. 
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Research methods
The authors retrospectively analyzed medical records of adult patients who 
initiated hepatitis C treatment with interferon-free DAAs from 2014 to 2016 at 
the VA Greater Los Angeles Healthcare System. The control group consisted 
of adult patients who did not undergo hepatitis C treatment, prior to the 
introduction of DAAs, from 2011 to 2013. Baseline demographic and clinical 
data were collected. The rate of change in estimated glomerular filtration rate 
(eGFR) one-year after HCV treatment compared to one-year before treatment 
was compared between patients who achieved SVR12 to those who did not. 
The change in eGFR was recorded over two years in patients who did not 
undergo treatment and compared to those who underwent DAA treatment. 

Research results
The findings of the analysis suggest that patients who achieved SVR12 with 
interferon-free DAAs had a reduced progression of renal disease that was 
statistically significant compared to patients who did not achieve SVR12. 
However, there were no significant differences in renal function decline between 
patients who were not treated with DAAs compared to those who were treated 
and achieved SVR12. The control group was not statistically different from the 
cohort of HCV treated patients, except that the there were significantly more 
patients with cirrhosis and obesity in the cohort who underwent HCV treatment 
compared to the control group. The control group, however, had significantly 
more patients with hypertension and congestive heart failure compared to the 
cohort who underwent HCV treatment.

Research conclusions
There is a lesser decline in renal function in patients who achieved SVR12 
compared to those who did not, however there were no significant differences 
in renal function decline between patients who were not treated compared to 
those who achieved SVR12. There are several possible explanations for the 
lack of improvement of CKD progression with viral eradication, such as immune 
factors related to cyroglobulins, intrinsic renal disease prior to therapy, and that 
the control group had significantly more patients with cirrhosis compared to the 
treatment group.

Research perspectives
Additional research is needed to confirm these results in multi-institutional 
studies with longer duration of follow-up. 
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