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Abstract: Renal functional decline that is frequently seen during

chronic hepatitis B (CHB) treatment can exert adverse effects on overall

prognosis. It, however, is difficult to distinguish vulnerable patients who

may experience renal dysfunction because most previous CHB studies

were conducted in relatively healthy individuals. In this retrospective

observational study, renal functional decline in CHB patients receiving

oral antiviral agents for more than 6 months was analyzed and risk

factors of chronic kidney disease (CKD) progression were determined.

Renal functional decline was defined when the estimated glomerular

filtration rate (eGFR) decreased by more than 25% from baseline and

rapid CKD progression was defined as eGFR decreased by more than

5 mL/min/1.73 m2/y among patients who experienced renal functional

decline.

A total of 4178 patients were followed up for a median 23 months.

Antiviral agents included lamivudine (17.0%), adefovir (3.7%), ente-

cavir (70.4%), telbivudine (0.6%), tenofovir (4.0%), or clevudine

(4.3%). Renal functional decline occurred in 706 (16.9%) patients.

Based on multivariate Cox regression analysis, age, hypertension,

diabetes, history of liver or kidney transplantation, underlying under-

lying CKD, and simultaneous administration of diuretics increased the

hazard ratio for renal functional decline; however, clevudine reduced

risk. The eGFR significantly increased over time in patients receiving

telbivudine or clevudine compared with lamivudine. Among the 3175

patients followed up for more than 1 year, 407 (12.8%) patients

experienced rapid CKD progression. Patients with rapid CKD pro-

gression showed lower serum albumin, higher total bilirubin, and

prolonged prothrombin time compared with patients with stable renal

function, but hepatitis B envelope antigen positivity and hepatitis B
, MD, PhD, Dae Jo , PhD,
h, MD, PhD

identified as risk factors for rapid CKD progression, and clevudine

showed a beneficial effect.

Age, hypertension, diabetes, liver or kidney transplantation, under-

lying CKD, and diuretics were identified as risk factors for renal

functional decline. This study suggests that close monitoring of renal

function and adequate management are required for CHB patients

receiving antiviral agents with these risk factors.

(Medicine 95(1):e2400)

Abbreviations: CHB = chronic hepatitis B, CKD = chronic kidney

disease, eGFR = estimated glomerular filtration rate, HBeAg =

hepatitis B envelope antigen, HBV DNA = hepatitis B virus

deoxyribonucleic acid, HCC = hepatocellular carcinoma, HIV =

human immunodeficiency virus, HR = hazard ratio, LC = liver

cirrhosis, OR = odds ratio, RAS = renin–angiotensin system.

INTRODUCTION

C urrently, there are 2 therapeutic options for the treatment of
chronic hepatitis B (CHB), interferon and oral nucleos(-

t)ide analogues. For decades, oral antiviral agents have been
widely used for treatment by virtue of their convenient daily
regimen. These agents are confirmed to prevent the develop-
ment of CHB-related death and hepatic complications including
decompensated liver cirrhosis (LC) and hepatocellular carci-
noma (HCC).1,2 On the contrary, there is no consensus regard-
ing the discontinuation of treatment such that many patients
continue treatment for life.3 Despite the merits of oral antiviral
agents, there are concerns regarding long-term safety.

The adverse effect of antiviral agents on renal function is
an important issue to be considered in CHB patients. Several
previous studies have evaluated the safety as well as the efficacy
of antiviral agents; however, there is a limitation in applying
these results to clinical practice because most studies have been
conducted in relatively healthy populations without other
comorbidities.4–6 Adefovir is a well-known potential nephro-
toxic drug that has dose-limiting tubular toxicity7 but the
present recommended dose of adefovir was not shown to cause
renal dysfunction in several studies.8,9 Tenofovir also showed
similar features. In contrast with the nephrotoxic effect of
tenofovir in human immunodeficiency virus (HIV) patients,
no significant renal dysfunction was found in CHB patients.10,11

In addition to oral antiviral agents, medical factors includ-
ing comorbidities or other drugs may cause renal functional
decline in CHB patients. Comorbidities, such as diabetes,
hypertension, and underlying chronic kidney disease (CKD)
could be important risk factors for aggravating renal function
reports, however, have analyzed the
antiviral agents and other comorbidities
HB patients. Also, it is not understood
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Renal functional decline was defined when eGFR
decreased more than 25% from baseline and renal function
did not recover until the end of follow-up. Recovered acute

FIGURE 1. Study design and enrollment. A, A total of 4178
patients were included for renal functional decline analysis.
Among patients who were followed up for more than 1 year,
the rapid CKD progression group was compared with the control
group whose renal function maintained stable. B, Renal functional
decline occurred in 706 (16.9%) patients. In patients who were
followed up for more than 1 year, 473 (14.9%) patients showed
renal functional decline, of whom 407 (12.8%) patients showed
whether severity of LC, presence of HCC, and frequently
administered drugs with antiviral agents, such as renin–angio-
tensin system (RAS) blockers and diuretics, affect CKD pro-
gression. Renal functional decline is frequently seen in patients
receiving antiviral agents for CHB, which may exert adverse
impacts on overall prognosis.12,13

To prevent renal impairment in CHB patients, a compre-
hensive analysis of several predicting factors affecting renal
function, including comorbidities and drugs simultaneously
administered with antiviral agents, liver disease status, and
antiviral agents is needed. Because most previous studies were
conducted in CHB patients with relatively good renal function,
it is difficult to distinguish vulnerable patients who may experi-
ence renal functional decline in real practice. In this retro-
spective study, we thoroughly analyzed renal functional decline
in CHB patients receiving oral antiviral agents focusing on both
antiviral agents and other important medical factors, and deter-
mined the important risk factors of CKD progression during
CHB treatment.

METHODS

Patients
A total of 8825 CHB patients who started oral antiviral

treatment between January 2008 and December 2013 at Sam-
sung Medical Center (a 2000-bed tertiary hospital in Seoul,
South Korea) were recruited. Patients were classified into 6
groups according to the prescribed antiviral agent, including
lamivudine, adefovir, entecavir, telbivudine, tenofovir, and
clevudine. Only adefovir was allowed as a single or combi-
nation regimen in this study. Of those, 4647 patients were
excluded based on the following criteria: 32 were �18 years
of age; 36 and 18 were coinfected with hepatitis C virus and
HIV, respectively; 5 had transplant surgeries other than liver or
kidney; 112 had end-stage renal disease requiring dialysis
before enrollment; 601 and 100 were diagnosed as LC and
HCC during the study periods, respectively; 1547 did not have
baseline renal function within 1 month from starting antiviral
agents; and 2196 were followed up less than 6 months
(Figure 1).

After the prescription of antiviral agents, patients were
followed up until renal replacement therapy, liver transplan-
tation, patient death, change in antiviral agents, or loss to
follow-up. The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected
in a priori approval by the institution’s human research
committee, and the Institutional Review Board of Samsung
Medical Center approved this study (IRB number:
201308117).

Data Collection
All data were collected from electronic medical records.

The medical history included comorbidities, such as hyperten-
sion, diabetes, LC, HCC, and history of liver or kidney trans-
plantation. The presence of HCC was defined as diagnosis of
HCC within 1 year before enrollment. Information on drug
history, including RAS blockers and diuretics, was also col-
lected. Baseline laboratory data included serum creatinine,
albumin, total bilirubin, alanine aminotransferase, fasting glu-
cose, total cholesterol, uric acid, prothrombin time, hepatitis B

Shin et al
envelope antigen (HBeAg), and hepatitis B virus deoxyribonu-
cleic acid (HBV DNA). The presence of proteinuria was
evaluated by urinalysis.
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To evaluate renal function, serum creatinine levels were
collected every 3 months and all patients had serum creatinine
levels that were followed more than twice. The estimated glo-
merular filtration rate (eGFR) was calculated using the Chronic
Kidney Disease Epidemiology Collaboration equation.14 The
Chronic Kidney Disease Epidemiology Collaboration equation
is as follows: eGFR¼ 141�min(Scr/k, 1)a�max(Scr/k,
1)�1.209� 0.993age� 1.018 (if woman)� 1.159 (if black), where
Scr is serum creatinine, k is 0.7 for women, and 0.9 for men, a is
�0.329 for women and �0.411 for men, min indicates the
minimum of Scr/k or 1, and max indicates the maximum of
Scr/k or 1. All enrolled patients were Asian. Chronic kidney
disease was defined as an eGFR lower than 60 mL/min/1.73 m2 or
proteinuria 1þ or higher than 1þ in urinalysis.

Outcomes

Medicine � Volume 95, Number 1, January 2016
rapid CKD progression and 66 (2.1%) patients showed only renal
functional decline. CKD¼ chronic kidney disease, HCC¼hepato-
hepatocellular carcinoma, HCV¼hepatitis C virus, HIV¼human
immunodeficiency virus, LC¼ liver cirrhosis.
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(Table 1). The majority of patients were treated with entecavir,
kidney injury was not considered as renal functional decline. To
determine the direct impact of antiviral agents on renal function,
the rate of annual eGFR decline during the 3 years of CHB
treatment were analyzed among patients without comorbidities,
such as hypertension, diabetes, LC, HCC, history of transplan-
tation, or administration of RAS blockers and diuretics. Finally,
rapid CKD progression was analyzed, which was defined as an
eGFR decrease by more than 5 mL/min/1.73 m2/y in patients
experiencing renal functional decline. Both definitions of renal
functional decline and rapid CKD progression were determined
based on the definitions of CKD progression in the Kidney
Disease: Improving Global Outcomes guidelines.15

Statistical Analysis
Continuous variables are expressed as the mean value� -

standard deviation, or median (interquartile range) when the
data were skewed. Data sets were compared using independent t
test or analysis of variance. Categorical variables, expressed as a
number (percentage), were analyzed using x2 tests. The Cox
proportional hazard model was used to estimate hazard ratio
(HR) for renal functional decline, and variables, including age,
sex, presence of hypertension, diabetes, LC or HCC, CKD,
history of liver or kidney transplantation, administration of RAS
blockers or diuretics, and antiviral agents were included in
multivariate analysis. Lamivudine was used as the reference
in comparison between antiviral agents. Among patients with-
out comorbidity, the rate of annual eGFR decline depending on
the antiviral agent was analyzed using the generalized estimat-
ing equation. Finally, rapid CKD progression was driven by
individual eGFR slope, which was calculated from linear
regression analysis, and then logistic regression analysis was
performed to obtain the odds ratio (OR) in univariate and
multivariate analyses. Multivariate OR was adjusted by age,
sex, presence of hypertension, diabetes, LC or HCC, CKD,
history of liver or kidney transplantation, administration of RAS
blockers or diuretics, and antiviral agents as well as baseline
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GFR. All analyses were performed using SAS 9.4 (SAS
stitute, Cary, NC, USA). A P value <0.05 was considered

tatistically significant.

CKD also showed an adverse impact on renal function before
and after adjustment (HR 1.81 and 1.99, respectively, both
P< 0.001).

ABLE 1. Baseline Characteristics According to Oral Antiviral Agents

Lamivudine
(N¼ 712)

Adefovir
(N¼ 155)

Entecavir
(N¼ 2,942)

Telbivudine
(N¼ 23)

Tenofovir
(N¼ 167)

Clevudine
(N¼ 179)

bservation duration, mo 15 (8, 31) 30 (17, 48) 27 (15, 42) 12 (6, 16) 9 (7, 11) 15 (10, 23)
ge, y 51.8� 11.0 50.6� 10.7 51.1� 10.5 51.4� 12.7 49.6� 11.8 51.2� 10.6
ale 426 (59.8) 111 (71.6) 2,106 (71.6) 11 (47.8) 104 (62.3) 134 (74.9)
ypertension 148 (20.8) 21 (13.5) 524 (17.8) 3 (13.0) 13 (7.8) 23 (12.8)
iabetes mellitus 123 (17.3) 21 (13.5) 560 (19.0) 7 (30.4) 16 (9.6) 28 (15.6)
C 212 (29.8) 67 (43.2) 1,598 (54.3) 5 (21.7) 60 (35.9) 114 (63.7)
CC 117 (16.4) 55 (35.5) 1,045 (35.5) 8 (34.8) 30 (18.0) 81 (45.3)
iver transplantation 0 (0.0) 1 (0.6) 161 (5.5) 0 (0) 1 (0.6) 0 (0)
idney transplantation 4 (0.6) 0 (0) 8 (0.3) 0 (0) 0 (0) 0 (0)
KD 28 (3.9) 8 (5.2) 130 (4.4) 0 (0) 10 (6.0) 3 (1.7)
se of RAS blockers 82 (11.5) 14 (9.0) 265 (9.0) 2 (8.7) 6 (3.6) 179 (6.7)
se of diuretics 153 (21.5) 28 (18.1) 728 (24.7) 3 (13.0) 19 (11.4) 55 (30.7)
e
in
s

T

O
A
M
H
D
L
H
L
K
C
U
U

Continuous variables are expressed as mean value� standard deviation
variables are expressed as number (percentage).

CKD¼ chronic kidney disease, HCC¼ hepatocellular carcinoma, LC¼ l
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RESULTS

Baseline Characteristics
A total of 4178 CHB patients receiving oral antiviral

agents were recruited. There were 2892 (69.2%) men and
1286 (30.8%) women. The mean age was 51� 11 years and
the median duration of follow-up was 23 (12, 39) months. The
prevalence of LC and HCC was 49.2% and 32.0%, respectively.
This study included 162 (3.9%) liver transplant recipients and
12 (0.3%) kidney transplant recipients. Among all patients, 124
(3.0%) patients were defined as CKD.

Patients were classified into 6 groups: 712 (17.0%) lami-
vudine, 155 (3.7%) adefovir, 2942 (70.4%) entecavir, 23 (0.6%)
telbivudine, 167 (4.0%) tenofovir, and 179 (4.3%) clevudine

Renal Functional Decline in Chronic Hepatitis B Patients
and the duration of follow-up was the shortest in the
tenofovir group.

Risk Factor Analysis Depending on Comorbid
Conditions

Of 4178 patients, 706 (16.9%) experienced renal func-
tional decline during CHB treatment (Figure 1). A risk factor
analysis for renal functional decline depending on comorbid
conditions was performed (Table 2). Age and comorbidities
such as hypertension and diabetes were significant predicting
factors for renal functional decline in both univariate and
multivariate analyses (HR 1.03, 1.42 and 1.75, P< 0.001,
P¼ 0.002 and P< 0.001, respectively, in multivariate
analysis). LC was a significant factor before adjustment (HR
1.14, P< 0.001), but was not after adjustment (P¼ 0.09). On
the contrary, HCC did not exert an adverse impact on renal
function. A history of liver or kidney transplant was a con-
siderable risk factor for renal impairment during CHB treat-
ment (HR 2.19 and 3.47, P< 0.001 and P¼ 0.001,
respectively, in multivariate analysis). Presence of underlying
or median (interquartile range) when data are skewed, and categorical

iver cirrhosis, RAS¼ renin–angiotensin system.
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TABLE 2. Risk Factors for Renal Functional Decline Depending on Underlying Conditions

Univariate Analysis Multivariate Analysis
�

HR (95% CI) P HR (95% CI) P

Age, per y 1.02 (1.01, 1.03) <0.001 1.03 (1.02, 1.04) <0.001
Male 0.97 (0.82, 1.14) 0.68 1.11 (0.94, 1.32) 0.23
Hypertension 2.03 (1.72, 2.39) <0.001 1.42 (1.13, 1.78) 0.002
Diabetes mellitus 2.80 (2.39, 3.27) <0.001 1.75 (1.45, 2.11) <0.001
LC 1.14 (1.15, 1.55) <0.001 0.85 (0.71, 1.03) 0.09
HCC 1.10 (0.94, 1.28) 0.25 0.88 (0.74, 1.04) 0.13
Liver transplantation 3.64 (2.89, 4.60) <0.001 2.19 (1.65, 2.91) <0.001
Kidney transplantation 5.14 (2.56, 10.32) <0.001 3.47 (1.67, 7.19) 0.001
CKD 1.81 (1.36, 2.43) <0.001 1.99 (1.47, 2.70) <0.001
Use of RAS blockers 1.76 (1.42, 2.17) <0.001 0.96 (0.72, 1.28) 0.78
Use of diuretics 2.68 (2.30, 3.11) <0.001 1.96 (1.65, 2.33) <0.001

Values are based on Cox proportional hazard model for renal functional decline.
CI¼ confidence interval, CKD¼ chronic kidney disease, HCC¼ hepatocellular carcinoma, HR¼ hazard ratio, LC¼ liver cirrhosis, RAS¼

renin–angiotensin system.�
Adjusted by age, sex, presence of hypertension, diabetes, LC, HCC, or CKD, history of liver or kidney transplantation, use of RAS blockers or

diuretics, and antiviral agents.
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Risk Factor Analysis Depending on Medication
The association between RAS blockers or diuretics and renal

functional decline was evaluated (Table 2). RAS blockers were
related with increased risk of renal functional decline before
adjustment, but it was not significant after adjustment by vari-
ables including hypertension (P< 0.001 and P¼ 0.78, respect-
ively). The administration of diuretics, however, was associated
with renal functional decline in both univariate and multivariate
analyses (HR 2.68 and 1.96, respectively, both P< 0.001).

The association between antiviral agents and renal functional
decline was also analyzed using lamivudine as reference in both
univariate analysis and multivariate analysis (Table 3). Entecavir
showed a renoprotective effect before adjustment (HR 0.76,
P¼ 0.005); however, the effect was not statistically significant

in multivariate analysis (HR 0.86, P¼ 0.16). Adefovir did not
correlate with renal functional decline whereas clevudine showed
a protective effect on renal function (HR 0.36, P¼ 0.004).

TABLE 3. The Association of Oral Antiviral Agents with Renal Fun

Univariate Analysis

HR (95% CI)

Lamivudine Reference
Adefovir 0.72 (0.48, 1.08) 0
Entecavir 0.76 (0.63, 0.92) 0.
Telbivudine 0.63 (0.16, 2.56) 0
Tenofovir 1.03 (0.63, 1.70) 0
Clevudine 0.30 (0.15, 0.59) <0

Values are based on Cox proportional hazard model for renal functional
CI¼ confidence interval, CKD¼ chronic kidney disease, HCC¼ hepat

renin–angiotensin system.�
Adjusted by age, sex, presence of hypertension, diabetes, LC, HCC, or CK

diuretics.
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The direct impacts of antiviral agents on renal function
were evaluated among patients without comorbid conditions.
There were 1064 patients who did not have comorbidities:
254 in the lamivudine, 42 in the adefovir, 622 in the ente-
cavir, 10 in the telbivudine, 86 in the tenofovir, and 50 in the
clevudine groups. Figure 2 shows the annual eGFR changes
according to antiviral agent. The eGFR in the lamivudine,
adefovir, entecavir, and tenofovir groups decreased by a rate
of �1.0, �1.8, �1.2, and �0.5 mL/min/1.73 m2/y, respect-
ively (Figure 2A). On the contrary, eGFR in the telbivudine
and clevudine groups increased by a rate of 3.9 and 1.5 mL/
min/1.73 m2/y (Figure 2A). Furthermore, the rate of annual
eGFR decline depending on antiviral agent was compared
(Figure 2B). Annual change of eGFR in the clevudine group

was positive compared with the lamivudine group (P¼ 0.01).
Telbivudine also showed a renoprotective effect in this
analysis (P¼ 0.005).

ctional Decline

Multivariate Analysis
�

P HR (95% CI) P

Reference
.11 0.94 (0.62, 1.43) 0.77
005 0.86 (0.69, 1.06) 0.16
.52 0.80 (0.20, 3.26) 0.76
.90 1.62 (0.98, 2.69) 0.06
.001 0.36 (0.18, 0.72) 0.004

decline.
ocellular carcinoma, HR¼ hazard ratio, LC¼ liver cirrhosis, RAS¼

D, history of liver or kidney transplantation, and use of RAS blockers or

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 2. Annual eGFR changes according to the antiviral agents in CHB patients without comorbidities. A, The overall eGFR in patients
treated with lamivudine, adefovir, entecavir, and tenofovir gradually decreased, whereas eGFR in patients treated with telbivudine and
clevudine increased. B, The rate of annual eGFR decline depending on the antiviral agents was compared using lamivudine as the

th
P
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Rapid Chronic Kidney Disease Progression
We conducted further analysis regarding rapid CKD pro-

gression among 3175 patients who were followed up for more
than 1 year. Renal functional decline was found in 473 (14.9%)
patients, of whom 407 (12.8%) patients were classified as rapid
CKD progression and the remaining 66 (2.1%) patients only
experienced renal functional decline. Patients in the rapid CKD
progression group were compared with the other patients as the
control group (Tables 4 and 5). Age, sex, and presence of HCC
did not differ between the 2 groups. The prevalence of hyper-
tension, diabetes, LC, and underlying CKD, however, was
higher in the rapid CKD progression group (P< 0.001,
P< 0.001, P¼ 0.03, and P¼ 0.04, respectively). The rapid
CKD progression group included more patients with liver or
kidney transplants compared with the control group (both

reference. Compared with lamivudine, annual change of eGFR in
1.73 m2/y and 4.9 mL/min/1.73 m2/y, respectively (P¼0.01 and
compared with lamivudine.
P< 0.001). Administration of RAS blockers and diuretics
together with antiviral agents was also more prevalent in the
rapid CKD progression group (P¼ 0.001 and P< 0.001).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Laboratory results were compared between the control and
rapid CKD progression groups (Table 5). Serum albumin level
was significantly lower (P< 0.001), and total bilirubin was
higher in the rapid CKD progression group (P< 0.001). Alanine
aminotransferase, however, was not different (P¼ 0.11).
Prothrombin time in the rapid CKD progression group was
more prolonged than in the control group (P¼ 0.009). Levels of
glucose, uric acid, and total cholesterol also showed differences
(P¼ 0.002, P< 0.001, and P< 0.001, respectively). HBeAg
positivity and HBV DNA level, however, did not differ between
the groups (P¼ 0.51 and 0.77, respectively). Although baseline
eGFR in the rapid CKD progression group was higher compared
with the control group, eGFR decreased more rapidly
(P< 0.001).

Logistic regression analysis was conducted to identify risk

e clevudine and telbivudine groups was positive by 2.5 mL/min/
¼0.005). eGFR¼ estimated glomerular filtration rate

�
P<0.05
factors of rapid CKD progression (Figure 3). Age, underlying
diabetes mellitus, and diuretics were risk factors for rapid CKD
progression (OR 1.04, 1.74, and 1.93, respectively, all

www.md-journal.com | 5



TABLE 4. Baseline Characteristics of Control and Rapid Chronic Kidney Disease Progression Groups

Control (N¼ 2768) Rapid CKD Progression (N¼ 407) P

Age, y 50.7� 10.7 51.8� 10.2 0.05
Male 1970 (71.2) 288 (70.8) 0.87
Hypertension 462 (16.7) 108 (26.5) <0.001
Diabetes mellitus 422 (15.2) 131 (32.2) <0.001
LC 1408 (50.9) 230 (56.5) 0.03
HCC 913 (33.0) 142 (34.9) 0.45
Liver transplantation 101 (3.6) 37 (9.1) <0.001
Kidney transplantation 4 (0.1) 5 (1.2) <0.001
CKD 110 (4.0) 25 (6.1) 0.04
Use of RAS blockers 249 (9.0) 57 (14.0) 0.001
Use of diuretics 553 (20.0) 159 (39.1) <0.001

Continuous variables are expressed as mean value� standard deviation and categorical variables are expressed as number (percentage).
¼ l
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P< 0.001). Although hypertension and liver transplantation
were not significant factors (P¼ 0.07 and 0.05, respectively),
kidney transplantation and underlying CKD were identified as
strong risk factors for rapid CKD progression (OR 16.91 and
4.59, respectively, both P< 0.001). Analysis regarding antiviral
agents showed that clevudine had a renoprotective effect com-
pared with lamivudine (OR 0.17, P¼ 0.001).

DISCUSSION
Our retrospective study with a large number of patients

thoroughly investigated risk factors of renal impairment during
CHB treatment with oral antiviral agents. In this study, 16.9% of
patients underwent renal functional decline, and 12.8% of
patients experienced rapid CKD progression. Comorbidities,
such as hypertension, diabetes, and underlying CKD as well as
aging were identified as significant risk factors for renal func-

CKD¼ chronic kidney disease, HCC¼ hepatocellular carcinoma, LC
tional decline. Moreover, this study demonstrated that patients
who underwent liver or kidney transplants were predisposed to
renal impairment. We also evaluated the impacts of the

TABLE 5. Laboratory Results in Control and Rapid Chronic Kidne

Control (N¼ 2768

Albumin, g/dL 4.1� 0.5
Total bilirubin, mg/dL 0.8 (0.6, 1.1)
Alanine aminotransferase, U/L 49.0 (29.0, 98.5)
Prothrombin time, INR 1.07 (1.01, 1.14)
Glucose, mg/dL 110.3� 44.9
Uric acid, mg/dL 4.9� 1.4
Total cholesterol, mg/dL 167.7� 38.6
HBeAg positivity 859 (54.2)
Log HBV DNA, log(IU/mL) 5.24 (3.28, 6.62)
Serum creatinine, mg/dL 0.88� 0.27
eGFR, mL/min/1.73 m2 99.0� 21.0
Annual eGFR change, mL/min/1.73 m2/y �1.2 (�4.2, 2.8)

Continuous variables are expressed as mean value� standard deviation o
variables are expressed as number (percentage).

CKD¼ chronic kidney disease, eGFR¼ estimated glomerular filtration
virus-deoxyribonucleic acid, INR¼ international normalized ratio.
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simultaneous administration of RAS blockers or diuretics on
renal function. Administration of either drug together with
antiviral agents was associated with renal functional decline,
although the risk of RAS blockers was neutralized after adjust-
ment for hypertension. Patients with rapid CKD progression
showed lower albumin levels, higher total bilirubin levels, and
increased prolonged prothrombin time compared with patients
with stable renal function; however, baseline HBV DNA levels
and HBeAg positivity did not differ between the groups. Among
the oral antiviral agents, including lamivudine, adefovir, ente-
cavir, telbivudine, tenofovir, and clevudine, clevudine had a
protective effect on renal function compared with lamivudine.
Telbivudine might have a potential benefit on renal function
although this needs to be verified through further studies that
include a sufficient number of patients.

Renal function is an important prognostic factor in CHB

iver cirrhosis, RAS¼ renin–angiotensin system.
patients similar to how the prognostic model for predicting
survival in cirrhosis includes serum creatinine.13 In a cross-
sectional study, Amet et al16 investigated the prevalence of

y Disease Progression Groups

) Rapid CKD Progression (N¼ 407) P

3.8� 0.7 <0.001
1.0 (0.6, 1.9) <0.001

50.5 (30.0, 149.5) 0.11
1.10 (1.02, 1.23) 0.009

121.3� 57.5 0.002
4.3� 1.6 <0.001

157.3� 46.8 <0.001
97 (51.6) 0.51

5.12 (3.30, 6.43) 0.77
0.78� 0.30 <0.001
118.9� 37.4 <0.001

�12.0 (�21.6, �7.6) <0.001

r median (interquartile range) when data were skewed, and categorical

rate, HBeAg¼ hepatitis B envelope antigen, HBV DNA¼ hepatitis B
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FIGURE 3. Risk factors for rapid CKD progression. A, Age and diabetes significantly increased odds ratio. Patients with a history of kidney
transplantation and underlying CKD were more vulnerable for renal functional decline during CHB treatment. The use of diuretics was also
associated with rapid CKD progression. B, The association between antiviral agents and rapid CKD progression was analyzed using
lamivudine as the reference. Multivariate logistic regression analysis showed that clevudine had a renoprotective effect compared with
lamivudine. CI¼ confidence interval, CKD¼ chronic kidney disease, eGFR¼ estimated glomerular filtration rate, HCC¼hepatocellular
carcinoma, LC¼ liver cirrhosis, OR¼odds ratio, RAS¼ renin–angiotensin system.

�
Adjusted by age, sex, presence of hypertension or

diabetes, LC, HCC, underlying CKD, history of liver or kidney transplantation, simultaneous administration of RAS blockers or diuretics,
antiviral agents, and baseline eGFR.
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renal abnormalities in CHB patients and reported that 64.6%
were found to have kidney disease by international definition;
therefore, they emphasized the necessity for regular monitoring
of renal function. In addition, a recent analysis in Taiwan found
that hepatitis B virus infection was a significant risk factor for
end-stage renal disease.17 Nevertheless, a comprehensive longi-
tudinal analysis for renal functional deterioration in CHB
patients receiving antiviral agents that is clinically applicable
has not been performed to date. Renal outcomes in a large
number of CHB patients followed up for median 23 months
were evaluated using 2 different approaches of renal functional
decline and rapid CKD progression. Analysis of renal functional
decline identified risk factors for renal impairment. Moreover,
further analysis of rapid CKD progression showed direct and
intuitive impacts of variables on the rate of eGFR change. As
shown in our analyses, several comorbid conditions are preva-
lent in CHB patients and can affect renal function over the
period of CHB treatment with antiviral agents. These results
suggest important clinical implications and the need for a
thorough evaluation of both renal function and risk factors
before and during treatment with oral antiviral agents.

In this study, the known risk factors of CKD progression,
such as diabetes, hypertension, and underlying CKD were
confirmed to aggravate renal function in CHB patients as well.
Diabetes was already reported as a significant risk factor for
aggravating liver function as well as renal function, and further-
more it increases mortality in liver disease.18,19 Nevertheless,
treatment of hypertension and diabetes in patients with liver
disease is a complicated issue. RAS blockers and diuretics are
widely used in patients with hypertension or diabetes,20 but
simultaneous administration of RAS blockers or diuretics was
identified as a risk factor for renal functional decline in this
study even when statistical significance was neutralized after
adjustment for hypertension. RAS blockers may facilitate renal
functional decline in CHB patients with increased RAS activity,
especially in advanced LC.21 Based on previous reports and our
results, we believe that the simultaneous prescription of RAS
blockers or diuretics with antiviral agents should be reevaluated
considering changes in renal function, blood pressure, volume
status, and proteinuria in CHB patients, especially with
LC features.

Severity of liver disease and presence of HCC were also
evaluated in the study. The patients who were newly diagnosed
with LC or HCC during the study period were excluded because
potential confounders such as radiocontrast agents for com-
puted tomography or transarterial chemoembolization and
surgery may be more frequently encountered. In addition, a
new diagnosis of LC or HCC implies a change in primary liver
disease status, which is an important baseline characteristic.
Therefore, patients who were newly diagnosed with LC or HCC
during the study period were excluded to minimize confounders
and avoid substantial changes in baseline characteristics. LC
and HCC were not predictors for renal functional decline in our
analyses. Rather, relatively decreased HR was identified in
multivariate analyses, which can be explained because serum
creatinine levels in patients with decreased hepatic function can
be overestimated because of decreased hepatic production of
creatine and muscle wasting.22 On the contrary, the rapid CKD
progression group showed a progressive decline of eGFR
despite an initial high level of eGFR. Markers reflecting the
severity of liver disease, such as low albumin, high total

Shin et al
bilirubin, prolonged prothrombin time, and the simultaneous
administration of diuretics were more frequent in the rapid CKD
progression group compared with the control group. Decreased
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uric acid and cholesterol levels found in the rapid CKD group
also might be associated with the severity of hepatic dysfunc-
tion.23,24 Renal functional decline in LC is represented by type 2
hepatorenal syndrome, which is caused by the consequence of
refractory ascites.25 We believe that if hepatic dysfunction
progresses in CHB patients, these patients are more prone to
renal functional decline. HBV DNA levels and HBeAg posi-
tivity, however, did not correlate with rapid renal functional
decline. Mauss et al6 also showed that HBV DNA levels were
not associated with both baseline eGFR and changes in eGFR.
Our data suggest that overall liver function rather than HBV
DNA or HBeAg exerts greater substantial influence on renal
functional changes in CHB patients receiving antiviral agents.

In our study, patients with a previous history of liver or
kidney transplants were vulnerable for renal functional decline.
Renal dysfunction is highly prevalent and has a significant
impact on mortality in patients receiving liver transplants,
similar to those receiving kidney transplantation.26,27 Renal
dysfunction is caused by multiple factors, including immuno-
suppressive drugs, especially calcineurin inhibitors, comorbid
conditions, such as hypertension or diabetes, and pretransplant
kidney disease.28 Therefore, several risk factors should be
identified and managed well in CHB patients taking antiviral
agents after liver transplants to preserve renal function.

The impacts of oral antiviral agents on renal function were
analyzed by 3 different approaches in this study, and all
analyses showed similar results. A notable finding was that
the nephrotoxicity of adefovir was not significant. Although
several studies showed renal impairment related with adefo-
vir,29–31 others reported renal safety at the current adefovir
dosage, similar to our results.8,9 At our center, the usual adefovir
dosage for patients with normal renal function is 10 mg/d, and
the dosage is correctly adjusted by eGFR following guideline
recommendations.32 Our results might also be related to the
definition of renal functional decline, because adefovir-induced
nephropathy is reversible.4 Recovery of renal function after
eGFR decline was not defined as a renal event in this study. We
also found that tenofovir is safe, similar to a previous study11,33

although our observation period for tenofovir was shorter than
that of other agents. Clevudine showed a favorable effect on
renal function compared with lamivudine. Although the renal
impact of clevudine has not had much attention, a high fre-
quency of resistance and associated myopathy make it difficult
for clevudine to be the first-line therapy.34,35 Despite the small
number of patients, we found that eGFR in telbivudine group
significantly increased over time. This result is in accordance
with recent reports that showed improvement of renal function
in CHB patients with telbivudine.36,37

There are some limitations to this study. First, because of
the retrospective real-life cohort design, several baseline
characteristics, especially group size and observation duration,
were not evenly distributed according to each group. Telbivu-
dine and tenofovir were introduced recently in Korea; therefore,
the number of patients receiving these drugs was relatively
small. Size differences were also seen in patients with a history
of liver or kidney transplants. We, however, analyzed the
impacts of antiviral agents on renal function using three differ-
ent methods and all showed similar results. In addition, because
our study focused on baseline predicting factors including
comorbidities and antiviral agents, the correlation between
treatment response and renal function was not analyzed. Results

Medicine � Volume 95, Number 1, January 2016
from the rapid CKD progression group, however, support that
conservation of liver function indirectly contributes to preserve
renal function. A previous study also reported that CHB
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treatment with antiviral agents has beneficial effects on renal
function compared with untreated CHB patients.6

Despite these limitations, several risk factors of renal
functional decline, such as age, comorbidities of hypertension
and diabetes, previous history of liver or kidney transplan-
tation, and underlying CKD were identified in our study with a
large number of CHB patients. Concomitant administration of
RAS blockers or diuretics was also identified as a risk factor for
renal impairment. Furthermore, our study confirmed that
severe hepatic dysfunction may enhance renal functional
deterioration. Among the oral antiviral agents, clevudine
was found to be relatively safe for renal function compared
with lamivudine. In addition, telbivudine might have a favor-
able effect on renal function although the number of patients in
telbivudine group was small. These findings have substantial
clinical implications to physicians treating CHB patients using
antiviral agents. To prevent renal functional decline and retard
CKD progression in CHB patients receiving oral antiviral
agents, a multidisciplinary approach by both hepatologists
and nephrologists is required for the adequate management
of several risk factors.
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