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ABSTRACT
Objective: Hepatitis C virus (HCV) infection can lead to renal complications and increase the risk of end-stage renal disease (ESRD). We aimed to elucidate whether antiviral treatment was associated with risk reduction of ESRD in patients with HCV infection. 
Design: This nationwide total-population cohort study screened all Taiwanese residents diagnosed with HCV infection from 1997 through 2011 (N=293,480), by analyzing the Taiwan National Health Insurance Research Database. Those with substantial morbidity were excluded. The treated cohort consisted of 12,384 eligible patients who had received pegylated interferon plus ribavirin between October 1, 2003 and December 31, 2010, and were matched 1:2 with 24,768 untreated controls in propensity scores and post-diagnosis treatment-free period. Incidence of ESRD was calculated after adjusting for competing mortality. 
Results: During follow-up for the years 2003 through 2011, ESRD occurred cumulatively in 0.15% (95% confidence interval [CI], 0.04-0.26%) and 1.32% (95% CI, 1.01-1.64%) in the treated and untreated cohorts, respectively (p<0.001). The multivariate-adjusted analysis confirmed the association between antiviral therapy and risk reduction of renal failure (adjusted hazard ratio [HR], 0.15; 95% CI, 0.07-0.31), whereas diabetes mellitus (adjusted HR, 20.85; 95% CI, 12.67-34.29), male gender (adjusted HR, 1.79; 95% CI, 1.16-2.75), hypertension (adjusted HR, 1.54; 95% CI, 1.04-2.28), and management in a local community hospital (adjusted HR, 1.99; 95% CI, 1.18-3.36) were associated with excessive risks. The ESRD risk was not attenuated in patients receiving incomplete therapy shorter than 16 weeks. 
Conclusion: Antiviral treatment for HCV infection is associated with significant risk reduction of ESRD. 
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What is already known about this subject?
· Chronic hepatitis C virus (HCV) infection can lead to extrahepatic complications including cryoglobulinemia, glomerulonephritis, and diabetes mellitus.  
· There is a higher risk of end-stage renal disease (ESRD) in HCV-infected patients
· Antiviral therapy for HCV is associated with improvement in proteinuria, renal impairment, and insulin resistance. 

What are the new findings? 
· Antiviral treatment using pegylated interferon plus ribavirin is associated with a lower risk of ESRD in patients with HCV infection.
· However, the risk is not attenuated in patients receiving incomplete therapy shorter than 16 weeks.
· Diabetes mellitus, male gender, hypertension, and management in a community hospital are associated with excessive risks for ESRD in HCV-infected patients.  

How might it impact on clinical practice in the foreseeable future?
· By clarifying the extrahepatic effectiveness in renal outcomes, our findings are imperative for comprehensive evaluation of the cost-effectiveness of antiviral treatment for HCV, and hence have great implications in the health policy making. 
· 
INTRODUCTION 
Hepatitis C virus (HCV) infection is a global public health problem, affecting approximately 170 million people worldwide.1 It is not only a major etiology of liver-related morbidity and mortality, but also causally associated with a number of extrahepatic complications that include cryoglobulinemia, glomerulonephritis, and diabetes mellitus (DM). A large body of data has revealed that the risk of chronic kidney disease and end-stage renal failure is significantly higher in patients with HCV infection as compared with uninfected controls.2-6 Effective strategy that can attenuate this excessive risk, however, has not been elucidated.   
The past 2 decades have witnessed a tremendous advance in the antiviral therapy for HCV infection. Interferon-free regimens composed of direct acting antiviral agents are becoming a new paradigm. Nevertheless, pegylated interferon plus ribavirin has been widely used as the regimen of choice for a decade,7 and actually brings about excellent therapeutic responses in Asian countries where the favorable IL28B is prevalent.8 For instance, this regimen attains an eradication rate over 70% among treatment-naïve patients in Taiwan.9, 10 From the widespread use, a large body of empirical data has been accumulated with convincing evidence showing that antiviral treatment is effective in reducing hepatic complications.11-13 However, there is a striking paucity of data regarding its effectiveness in extrahepatic outcomes.  
Although theoretically a randomized trial is the ideal way to appraise the effectiveness of antiviral treatment in reducing renal complications, its conduction is prohibitively difficult, requiring huge sample size and prolonged study period for the requirement of statistical power. Furthermore, a placebo-controlled design will hardly be ethical in light of the proven efficacy. In order to bridge this knowledge gap, this nationwide cohort study analyzed data on all HCV-infected patients in the total Taiwan population for the period from 1997 through 2011. Our aim was to clarify the association between treatment for HCV infection and risk of end-stage renal disease (ESRD).  
   
METHODS
Study design and data source
This is an open cohort study based on the Taiwan National Health Insurance Research Database (NHIRD), which has been prospectively recording claim data of all forms of healthcare service in Taiwan since 1995. By reason of the single-player and compulsory policy, the Taiwan National Health Insurance covers nearly the entire 23 million population of this country. In the NHIRD, disease is coded according to the International Classification of Diseases, Revision 9, Clinical Modification (ICD-9-CM). Previous studies have validated the coding accuracy for major diseases such as ischemic stroke and acute coronary syndrome.14, 15 Diagnosis codes used in this study are listed in the appendix (supplementary Table 1 in the appendix). Furthermore, we used the Registry for Catastrophic Illness Patient Database (RCIPD), a subpart of NHIRD, to ascertain the diagnosis when appropriate. For a patient to be registered in the RCIPD, fulfillment of specified criteria is mandatory and audited meticuously.16 The Research Ethics Committee of the Taiwan National Health Research Institute permitted data acquisition (EC1010303-E), and the Institutional Review Board of the E-Da Hospital approved the study protocol (EMRP-103-010).
Eligibility criteria for enrolment
We firstly screened all patients diagnosed with HCV infection from January 1, 1997 through the end of 2011. All of the following three criteria must be met to define HCV infection: measurement of serum antibody against HCV, diagnosis with a specific ICD-9-CM code (070.41, 070.44, 070.51, 070.54, 070.70, 070.71, V02.62), and prescription of “hepatoprotective” agents (e.g. silimarin, liver hydrolysate, and choline bitartrate) for which reimbursement required abnormal serum aminotransferases. Because the reimbursement of anti-HCV treatment mandates not only documentation of HCV infection but also elevation of aminotransferases, our inclusion criteria ensured that all study participants were entitled for antiviral therapy, thereby mitigating indication bias. 
Patients with co-infection of hepatitis B virus were ineligible. Moreover, this study confined enrolment to individuals free of physical or psychiatric conditions that could contraindicate interferons or ribavirin. To this end, patients were excluded if any of the following conditions was present at baseline: age >70 years, catastrophic illness certified in the RCIPD, diagnosis of any chronic renal disorder (ICD-9-CM codes, 580~587), acute coronary syndrome, ischemic stroke, malignancy, esophageal or gastric varices, hepatic encephalopathy, hepatorenal syndrome, ascites, and severe psychosis or mood disorder. 
Identification of study cohorts according to antiviral treatment
The first measurement of anti-HCV antibody was assumed as the index date of diagnosis in all participants. We identified adult patients (age >20 years) who had received the combination therapy with pegylated interferon (either alpha 2a or 2b) plus ribavirin as the treated cohort. This antiviral regimen has been covered in the National Health Insurance for HCV infection since October 1, 2003. The treatment duration principally ranged from 16 to 48 weeks but varied according to individual conditions. Premature termination with a course shorter than 16 weeks usually indicates either intolerance of side effects or failure to achieve early virological response, and heralds dismal chance of viral clearance. Treated patients were consequently further grouped by whether or not their antiviral course was 16 weeks in minimum.
Propensity scores that estimated the probability of treatment were developed using the logistic regression to adjust for the baseline differences between patients who received antiviral therapy and those who did not. Each treated patient was matched in propensity scores with 2 controls who never received any prescription of interferon or ribavirin throughout the study period. The baseline for treated patients was the day when therapy commenced, and that for untreated controls was set to match the period elapsing from diagnosis to treatment in their treated counterparts. The matching process was carried out using the greedy matching technique.17
Definition and ascertainment of outcomes
The treated and untreated cohorts were followed up after initiation of antiviral treatment and the matched elapsed time following diagnosis, respectively. Patients were observed until occurrence of ESRD, death, or December 31, 2011; whichever came first. Registration in the RCIPD with the specific code (HV type 4) unequivocally affirmed the occurrence of ESRD. Censoring resulting from death was regarded as informative, in that anti-HCV therapy has been shown to decrease mortality,13 and hence death could compete for the risk of renal events. 
Adjustment for confounding factors
This study deliberately adopted strict eligibility criteria to minimize confounding by indication and contraindication. Comparability between the two cohorts was optimized by matching in propensity scores. In addition, multivariate analyses took into account probable confounding factors that included demographic characteristics, comorbidity, hepatic dysfunction, medication, and the hospital level. The definition of DM, hyperlipidemia, and hypertension required both their corresponding ICD-9-CM codes and prescription of disease-defining medications for 90 days or more. We applied the Charlson’s index to represent severity of the underlying comorbidity.18 The effect of aspirin and non-steroidal anti-inflammatory drug was also considered; average consumption of more than one tablet per month defined a user. Furthermore, the hospital level was recognized as a potential confounding source, insomuch as administration of interferon entailed expertise and hence where the patient was managed could influence the therapeutic decision and response. 
Statistical analysis
The propensity score for antiviral therapy was generated by the logistic regression that was built on all baseline features as listed in the Table 1. Cumulative incidences of extrahepatic outcomes were estimated by the modified Kaplan-Meier method that accounted for death as a competing risk event. Between-group differences of the incidences were analyzed by the Gray's method.19 After the graph of the log (-log(survival)) versus the log of survival time verified the assumption of proportional hazards, the association between antiviral treatment and risk of ESRD was explored in the modified Cox proportional hazard models that were adjusted for multiple covariates in the presence of competing risks.20 Stratified analyses further examined the association in various pre-specified subgroups. Moreover, the entry of observation was set at different time points following antiviral therapy, as a means of sensitivity analyses to address the concern that the difference in outcomes might result from short-term effects. We used the SAS software to manage the dataset (9.2 version, SAS Institute., Cary, NC, USA), and the R software with the “cmprsk_2.1-4” package to calculate the cumulative incidence and hazard ratio (HR) in the competing risk analyses. Calculated results were expressed with the point estimates along with their 95% confidence intervals (CIs). All tests were two-sided with a p value of less than 0.05 regarded as statistically significant.

RESULTS
Baseline characteristics of the study population
We found a total of 293,480 individuals diagnosed with HCV infection between January 1, 1997 and December 31, 2011, and excluded 98,974 patients who were either serologically unchecked or hepatitis B virus-infected. The remaining 194,506 patients with HCV mono-infection, among whom 28,063 (14.4%) ever received pegylated interferon plus ribavirin (supplementary Table 2 in the appendix), were evaluated for eligibility, and 46,415 patients were considered eligible. Finally, 12,384 patients were grouped into the treated cohort (Figure 1), 89.6% of whom (N=11,094) received treatment for 16 weeks or longer. The untreated cohort accordingly comprised 24,768 eligible patients matched in the propensity scores (Figure 2). The two study cohorts were well matched at baseline (Table 1).
End-stage renal disease in patients with and those without antiviral treatment 
The treated and untreated cohorts were followed up for a mean (± standard deviation) duration of 3.3 (± 2.5) years and 3.2 (± 2.4) years, respectively, until death or December 31, 2011. The mortality rate was significantly lower in the treated than in the untreated cohort, with the cumulative incidences of 6.72% (95% CI, 5.71-7.74%) and 15.57% (95% CI, 14.59-16.54%) at 8 years, respectively (p<0.001). The 8-year cumulative incidences of ESRD were 0.15% (95% CI, 0.04-0.26%) and 1.32% (95% CI, 1.01-1.64%) in the treated and untreated cohorts (Figure 3A), respectively (p<0.001). Of note, the incidence of ESRD was not reduced in those who were incompletely treated for a course shorter than 16 weeks, as compared with the untreated patients (Figure 3B). 
Multivariate-adjusted association between antiviral therapy and renal outcomes 
The multivariate-adjusted Cox proportional hazard model revealed that DM (adjusted HR, 20.85; 95% CI, 12.67-34.29), male gender (adjusted HR, 1.79; 95% CI, 1.16-2.75), hypertension (adjusted HR, 1.54; 95% CI, 1.04-2.28), and management in a local community hospital (with tertiary medical centre as the reference: adjusted HR, 1.99; 95% CI, 1.18-3.36) were associated with an increased risk of ESRD (Table 2), whereas antiviral therapy was associated with an attenuated risk (adjusted HR, 0.15; 95% CI, 0.07-0.31). In the stratified analyses, antiviral treatment versus null treatment was consistently associated with risk attenuation of ESRD across all strata (Figure 4).	
Influence of therapeutic duration on the association with renal risk 
    The apparent difference in the incidence of renal failure according to therapeutic duration was further explored after adjustment for multiple covariates. In the multivariate-adjusted Cox regression analyses (supplementary Table 3 in the appendix), patients receiving therapy for 16 weeks or longer had a significantly lower risk of ESRD (adjusted HR, 0.08; 95% CI, 0.03-0.22), but the risk did not differ between patients incompletely treated for a course shorter than 16 weeks and those never received antiviral treatment (adjusted HR, 1.30; 95% CI, 0.49-3.50). The stratified analysis also showed that this association was consistently observed in all subgroups (supplementary Figure 1 in the appendix). 
Sensitivity analysis testing different time zero for starting outcome observation
We started outcome observation at different time points following antiviral treatment as a sensitivity analysis to test whether the association resulted from short-term effects or adverse reactions of the regimen. The time zero was set from immediately after treatment to 2.75 years later (Table 3). Whenever the observation commenced, the risk was significantly lower in patients treated for 16 weeks or longer; in contrast, the risk was not reduced in those with a course <16 weeks (supplementary Figure 2 in the appendix). 

DISCUSSION
This nationwide cohort study unravels that treatment for HCV infection using pegylated interferon plus ribavirin is associated with a significant reduction in the risk of ESRD. Moreover, DM, male gender, hypertension, and management in a local community hospital are associated with increased risks. We further demonstrate that the risk would not be attenuated if the therapy was incomplete with a therapeutic course shorter than 16 weeks. Collectively, these findings support the extrahepatic effectiveness of treating HCV to improve renal outcomes. On the other hand, our research also uncovers a conspicuously low uptake of treatment in the entire population and implicates the practical difficulty in maximizing the utility of interferon-based regimens.
A large body of data from different populations has consistently demonstrated a link of HCV infection with an elevated risk of proteinuria, chronic kidney disease, and renal failure.2-5 Mixed cryoglobulinemia and immune-mediated glomerulonephritis, both of which are well recognized extrahepatic manifestations of HCV infection,21, 22 may precipitate renal damage that ultimately lead to ESRD. It has been repeatedly shown that viral suppression is associated with resolution of HCV-related cryoglobulinemia and that viral clearance can result in a complete recovery from the disease.23 Furthermore, Feng and colleagues have reported in a meta-analysis that interferon-based therapy could stabilize renal function in patients with HCV-related glomerulonephritis, particularly in those who eliminated the virus.24 Therefore, the attenuated risk of ESRD in our treated cohort may directly accrue from amelioration of renal injury by removing the inciting pathogen. 
Another plausible mechanism underlying our observation is the effect of antiviral therapy on the development and progression of DM, which may be regarded as an extrahepatic complication of HCV infection.25, 26 It has been shown that viral eradication was able to decrease insulin resistance, restore glucose homeostasis, and prevent new-onset DM.27, 28 Our recent study demonstrated that treating concomitant HCV infection could improve renal and circulatory outcomes in diabetic patients.29 Given that DM was the most influential determinant of ESRD in HCV-infected patients, efficacious treatment that mitigated the hazard of DM could conceivably decrease the occurrence of renal failure. In line with this inference, ESRD occurred in none of the 10,662 treated patients who were not diabetic at baseline. 
The low treatment uptake is noteworthy. We found that 8 years after the Taiwan national insurance covered the antiviral medication for HCV infection, only fewer than 15% of the infected patients had been treated. The universal coverage of the national policy precluded medicinal expense as the main barrier to treatment. Besides, the criteria required for reimbursement have been greatly simplified without the need for liver biopsy since November 1, 2009, and therefore should not impose an influential obstacle. Although theoretically the claim database might miss patients who paid the treatment out of their own pocket and those who were treated in the setting of clinical trials, the proportion of such scenarios was negligible in this nationwide population. Moreover, the high chronicity (>70%) of HCV infection argues against spontaneous viral clearance as the major explanation for the low treatment rate.30 
In accordance with our observation, the low uptake of interferon-based therapy has been reported from many countries.31-33 For instance, Lattimore and colleagues have recently analyzed an information network across England to show that only 20.8% of English patients with active HCV infection had received antiviral treatment between January 2002 and December 2011.31 Previous studies have shown that adherence to medical attention, patients’ knowledge regarding HCV infection, and physicians’ attitude toward treatment were determinants of the therapeutic decision.32,33 Based on our data, it is conceivable that many patients, particularly those at advanced age or with serious comorbidity, declined or deferred treatment for the fear of adverse reactions. 
It is eagerly hoped that the interferon-free regimens will virologically cure most of the HCV-infected individuals,34,35 but their actual effectiveness requires validation in the daily practice. Currently, there has been no empirical data indicating that interferon-free treatment can improve extrahepatic outcomes of HCV infection. Based on our findings, we believe that it is the successful viral eradication, rather than the direct pharmacological effect of interferon or ribavirin, holds the key to attenuate the renal risk. As a result, one may expect the more tolerable interferon-free regimens will bring forth greater clinical benefits. Nonetheless, all these rational speculations cannot be taken for granted without confirmatory evidence and have to be examined by rigorous researches in the future. 
This study has the following methodological considerations to minimize potential bias and confounding. We explicitly confined enrolment to patients who were entitled for antiviral therapy, and excluded those with physical or psychiatric conditions that might contraindicate interferon or ribavirin, in order to mitigate confounding by indication and contraindication. Furthermore, the baseline for matching was deliberately set at the administration of antiviral therapy. We did not choose to match the study cohorts at the time of diagnosis or any outset prior to antiviral treatment because the condition might change over time and become different when the therapeutic decision was made. This research followed up the untreated cohort after the matched duration elapsing from HCV diagnosis to antiviral therapy, thus eliminating the immortal time bias. Besides, since the untreated cohort had a significantly higher mortality rate, the competing risk analysis has avoided overestimation of their incidence of ESRD.36 Last but not the least, sensitivity analyses confirmed that the unraveled association remained significant after a 2-year “wash-out” period following the antiviral therapy. This suggested that the association most likely derived from a durable effect such as sustained viral eradication, instead of a transient event.
There are several important limitations. First, the strict eligibility criteria prevent direct extrapolation of our findings to patients with serious comorbidity or hepatic decompensation. Second, the Taiwan NHIRD regrettably does not contain laboratory results. External linkage based on individual identity is also forbidden. Accordingly, this study could not directly assess how therapeutic response, viral genotype, viral load, life style, and over-the-counter medicine might impact the outcome. Nevertheless, we are confident that the majority of treated patients have successfully eliminated the virus since pegylated interferon plus ribavirin is highly effective in Taiwan. We can also regard a therapeutic duration shorter than 16 weeks, which represents either intolerance or poor on-therapy response, as an indicator for failure to attain viral clearance. Finally, caution should be exercised when directly applying our findings in other populations where the antiviral efficacy of pegylated interferon plus ribavirin is lower.
In conclusion, this nationwide total population study unravels that treatment with pegylated interferon plus ribavirin is associated with improved renal outcomes among HCV-infected patients. There is an approximately 85% reduction in the risk of ESRD. The association, however, is not observed in those whose therapeutic course is incomplete. Collectively, these findings lend support to the extrahepatic effectiveness of treating HCV infection in patients who can achieve optimal therapeutic response, but also underscore the unmet needs in those with contraindication, intolerance, or poor response to the interferon-based regimens. 
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FIGURE LEGENDS
Figure 1: Identification and enrolment process of the study subjects; * denoted more than one exclusion criteria may coexist in a patient.
  
Figure 2: Distribution of propensity scores for receiving antiviral treatment among study participants; treated and untreated patients are expressed in number.

Figure 3: Cumulative incidence of end-stage renal disease among study participants; patients classified according to reception of antiviral therapy (panel A); based on treatment and therapeutic duration (panel B)

Figure 4: Multivariate-adjusted stratified analyses for the association between antiviral treatment and end-stage renal disease. 

