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Background: Nucleoside and nucleotide reverse transcriptase 
inhibitors (NRTIs) have become a standard treatment for both 
HIV and hepatitis B virus (HBV) infections. Tenofovir disoproxil 
fumarate (TDF) has been associated with kidney injury and 
possible long-term damage in patients with HIV. Few studies have 
examined whether this holds true for patients treated for HBV.
Methods: Data were gathered from the Veterans Health 
Administration Corporate Data Warehouse between July 1, 
2005 and July 31, 2015. Patients aged ≥ 18 years with HBV 
infection and prescribed a NRTI for > 1 month were included 
in the study and followed for 36 months. Patients with HIV 
infection were excluded, and patients treated with combination 
TDF/emtricitabine were analyzed separately from patients 

receiving only TDF. A linear mixed model was used to examine 
the effects of time and specific agent on renal function, which 
was measured with estimated glomerular filtration rate (eGFR) 
at various time intervals. 
Results: There were 413 incidences of NRTI use in 308 subjects 
during the 10 years of the study with 39 cases of TDF use. There 
was a significant fixed effect of time, with eGFR reduction of  
4.6 mL/min (P < .001) over the course of the study for the full 
cohort, but the effects of each medication were not significant. 
Conclusions: This multicenter, retrospective study did not 
demonstrate an association between TDF use and a greater 
degree of kidney injury compared with other NRTIs in patients 
with HBV, but further studies are warranted.
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Infection with hepatitis B virus (HBV) is 
associated with risk of potentially lethal, 
chronic infection and is a major public 

health problem. Infection from HBV has the 
potential to lead to liver failure, cirrhosis, and 
cancer.1,2 Chronic HBV infection exists in as 
many as 2.2 million Americans, and in 2015 
alone, HBV was estimated to be associated 
with 887,000 deaths worldwide.1,3 Suppres-
sion of viral load is the basis of treatment, ne-
cessitating long-term use of medication for 
treatment.4 Nucleoside reverse transcriptase 
inhibitors (entecavir, lamivudine, telbivudine) 
and nucleotide reverse transcriptase inhibitors 
(adefovir, tenofovir), have improved the effi-
cacy and tolerability of chronic HBV treatment 
compared with interferon-based agents.4-7 
However, concerns remain regarding long-
term risk of nephrotoxicity, in particular with 
tenofovir disoproxil fumarate (TDF), which 
could lead to a limitation of safe and effective 
options for certain populations.5,6,8 A newer 
formulation, tenofovir alafenamide fumarate 
(TAF), has improved the kidney risks, but ex-
pense remains a limiting factor for this agent.9

Nucleos(t)ide reverse transcriptase inhib-
itors (NRTIs) have demonstrated efficacy in 
reducing HBV viral load and other markers 
of improvement in chronic HBV, but enteca-
vir and tenofovir have tended to demonstrate 

greater efficacy in clinical trials.5-7 Several 
studies have suggested potential benefits of 
tenofovir-based treatment over other NRTIs, 
including greater viral load achievement com-
pared with adefovir, efficacy in patients with 
previous failure of lamivudine or adefovir, 
and long-term efficacy in chronic HBV infec-
tion.10-12 A 2019 systematic review suggests 
TDF and TAF are more effective than other 
NRTIs for achieving viral load suppression.13 
Other NRTIs are not without their own risks, 
including mitochondrial dysfunction, mostly 
with lamivudine and telbivudine.4

Despite these data, guidelines have var-
ied in their treatment recommendations in 
the context of chronic kidney disease partly 
due to variations in the evidence regard-
ing nephrotoxicity.7,14 Cohort studies and 
case reports have suggested association be-
tween TDF and acute kidney injury in pa-
tients with HIV infection as well as long-term 
reductions in kidney function.15,16 In one 
study, 58% of patients treated with TDF did 
not return to baseline kidney function after 
an event of acute kidney injury.17 However, 
little data are available on whether this as-
sociation exists for chronic HBV treat-
ment in the absence of HIV infection. One 
retrospective analysis comparing TDF and  
entecavir in chronic HBV without HIV 
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showed greater incidence of creati-
nine clearance < 60 mL/min with TDF but 
greater incidence of serum creatinine (SCr)  
≥ 2.5 mg/dL in the entacavir group, making it 
difficult to reach a clear conclusion on risks.18 
Other studies have either suffered from small 
cohorts with TDF or included patients with 
HIV coinfection.19,20 Although a retrospec-
tive comparison of TDF and entecavir, ran-
domly matched 1:2 to account for differences 
between groups, showed lower estimated glo-
merular filtration rate (eGFR) in the TDF 
group, more data are needed.21 Entecavir re-
mains an option for many patient, but for 
those who have failed nucleosides, few op-
tions remain.

With the advantages available from TDF 
and the continued expense of TAF, more 
data regarding the risks of nephrotoxicity 
with TDF would be beneficial. The objec-
tive of this study was to compare treatment 
with TDF and other NRTIs in chronic HBV 
monoinfection to distinguish any differ-
ences in kidney function changes over time. 
With hopes of gathering enough data to dis-
tinguish between groups, information was 
gathered from across the Veterans Health Ad-
ministration (VHA) system.

METHODS
A nationwide, multicenter, retrospective, co-
hort study of veterans with HBV infection 
was conducted to compare the effects of var-
ious NRTIs on renal function. Patient were 
identified through the US Department of 
Veterans Affairs Corporate Data Warehouse 
(CDW), using data from July 1, 2005 to July 

31, 2015. Patients were included who had 
positive HBV surface antigen (HBsAg) or 
newly prescribed NRTI. Multiple drug ep-
isodes could be included for each patient. 
That is, if a patient who had previously been 
included had another instance of a newly 
prescribed NRTI, this would be included 
in the analysis. Exclusion criteria were pa-
tients aged < 18 years, those with NRTI pre-
scription for ≤ 1 month, and concurrent HIV 
infection. All patients with HBsAg were in-
cluded for the study for increasing the sen-
sitivity in gathering patients; however, those 
patients were included only if they received 
NRTI concurrent with the laboratory test re-
sults used for the primary endpoint (ie, SCr) 
to be included in the analysis.

How data are received from CDW bears 
some explanation. A basic way to understand 
the way data are received is that questions 
can be asked such as “for X population, at 
this point in time, was the patient on Y drug 
and what was the SCr value.” Therefore, in-
clusion and exclusion must first be specified 
to define the population, after which point 
certain data points can be received depending 
on the specifications made. For this reason, 
there is no way to determine, for example, 
whether a certain patient continued TDF use 
for the duration of the study, only at the de-
fined points in time (described below) to re-
ceive the specific data.

For the patients included, information was 
retrieved from the first receipt of the NRTI pre-
scription to 36 months after initiation. Base-
line characteristics included age, sex, race, and 
ethnicity, and were defined at time of NRTI 
initiation. Values for SCr were compared at 
baseline, 3, 6, 12, 24, and 36 months after 
prescription of NRTI. The date of laboratory 
results was associated with the nearest date 
of comparison. Values for eGFR were deter-
mined by the modification of diet in renal dis-
ease equation. Values for eGFR are available in 
the CDW, whereas there is no direct means to 
calculate creatinine clearance with the avail-
able data, so eGFR was used for this study.

The primary endpoint was a change in 
eGFR in patients taking TDF after adjust-
ment for time with the full cohort. Secondary 
analyses included the overall effect of time 
for the full cohort and change in renal func-
tion for each NRTI group. Mean and standard 
deviation for eGFR were determined for each 

TABLE 1 Baseline Demographics (N = 308)
Characteristics Results

Gender, No. (%) [mean age], y
  Male
  Female

  
296 (96.1) [62.1]
12 (3.9) [55.9]

Race, No. (%)
  White
  Black/African American
  Asian
  Native Hawaiian/Pacific Islander
  American Indian/Alaskan Native
  Unknown to patient
  Declined to answer
  Not specified

   
152 (49.5)
107 (34.7)
24 (7.8)
5 (1.6)
1 (0.3)
4 (1.2)
8 (2.5)
7 (2.3)

Ethnicity, Latinx/Hispanic, No. (%) 10 (3.2) 
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NRTI group using the available data points. 
Analyses of the primary and secondary end-
points were completed using a linear mixed 
model with terms for time, to account for 
fixed effects, and specific NRTI used to account 
for random effects. A 2-sided α of .05 was used 
to determine statistical significance. 

RESULTS
A total of 413 drug episodes from 308 sub-
jects met inclusion criteria for the study. Of 
these subjects, 229 were still living at the time 
of query. Most study participants were male 
(96%), the mean age was 62.1 years for males 
and 55.9 years for females; 49.5% were White 
and 39.7% were Black veterans (Table 1).

The NRTIs received by patients during 
the study period included TDF, TDF/emtric-
itabine, adefovir, entecavir, and lamivudine. 
No patients were on telbivudine. Formula-
tions including TAF had not been approved by 
the US Food and Drug Administration (FDA) 
by the end of the study period, and as such 
were not found in the study.13 A plurality of 
participants received entecavir (94 of 223 at 
baseline), followed by TDF (n = 38) (Table 2). 
Of note, only 8 participants received TDF/em-
tricitabine at baseline. Differences were found 
between the groups in number of SCr data 
points available at 36 months vs baseline. The 
TDF group had the greatest reduction in data 
points available with 38 laboratory values at 
baseline vs 15 at 36 months (39.5% of base-
line). From the available data, it is not possible 
to determine whether these represent medica-
tion discontinuations, missing values, lost to 
follow-up, or some other cause. Baseline eGFR 
was highest in the 2 TDF groups, with TDF 
alone at 77.7 mL/min (1.4-5.5 mL/min higher 
than the nontenofovir groups) and TDF/em-
tricitabine at 89.7 mL/min (13.4-17.5 mL/min 
higher than nontenofovir groups) (Table 3). 

Table 4 contains data for the primarily 
and secondary analyses, examining change in 
eGFR. The fixed-effects analysis revealed a sig-
nificant negative association between eGFR 
and time of −4.6 mL/min (P < .001) for all the 
NRTI groups combined. After accounting for 
this effect of time, there was no statistically sig-
nificant correlation between use of TDF and 
change in eGFR (+0.2 mL/min, P = .81). For 
the TDF/emtricitabine group, a positive but 
statistically nonsignificant change was found 
(+1.3 mL/min, P = .21), but numbers were 
small and may have been insufficient to de-
tect a difference. Similarly, no statistically sig-
nificant change in eGFR was found after the 
fixed effects for either entecavir (−0.2 mL/min, 
P = .86) or lamivudine (−0.8 mL/min, P = .39). 
While included in the full analysis for fixed ef-
fects, random effects data were not received 
for the adefovir group due to heterogeneity 
and small quantity of the data, producing an 
unclear result.

DISCUSSION
This study demonstrated a decline in eGFR 
over time in a similar fashion for all NRTIs 
used in patients treated for HBV monoinfec-
tion, but no greater decline in renal function 
was found with use of TDF vs other NRTIs. 
A statistically significant decline in eGFR of 
−4.55 mL/min over the 36-month time frame 
of the study was demonstrated for the full co-
hort, but no statistically significant change 
in eGFR was found for any individual NRTI 
after accounting for the fixed effect of time. If 
TDF is not associated with additional risk of 
nephrotoxicity compared with other NRTIs, 
this could have important implications for 
treatment when considering the evidence 
that tenofovir-based treatment seems to be 
more effective than other medications for 
suppressing viral load.13 

TABLE 2 Number of Serum Creatinine Data Points
Treatments Baseline, No. 3 mo, No. 6 mo, No. 12 mo, No. 24 mo, No. 36 mo, No. Data Points at 36 mo vs Baseline, %

TDF 38 39 26 27 23 15 39.5

TDF/emtricitabine 8 8 3 5 5 5 63.5

Adefovir 11 11 7 11 10 7 63.6

Entecavir 94 94 56 65 67 47 50.0

Lamivudine 26 26 18 14 16 16 61.5

Abbreviation: TDF, tenofovir disoproxil fumarate.  
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This result runs contrary to data in pa-
tients given NRTIs for HIV infection as well 
as a more recent cohort study in chronic 
HBV infectioin, which showed a statisti-
cally significant difference in kidney dysfunc-
tion between TDF and entecavir (-15.73 vs  
-5.96 mL/min/m2, P < .001).5-7,21 Possible 
mechanism for differences in response be-
tween HIV and HBV patients has not been 
elucidated, but the inherent risk of develop-
ing chronic kidney disease from HIV disease 
may play a role.22 The possibility remains 
that all NRTIs cause a degree of kidney im-
pairment in patients treated for chronic HBV 
infection as evidenced by the statistically sig-
nificant fixed effect for time in the present 
study. The cause of this effect is unknown 
but may be independently related to HBV 
infection or may be specific to NRTI ther-
apy. No control group of patients not receiv-
ing NRTI therapy was included in this study, 
so conclusions cannot be drawn regarding 
whether all NRTIs are associated with decline 
in renal function in chronic HBV infection. 

Limitations
Although this study did not detect a differ-
ence in change in eGFR between TDF and 

other NRTI treatments, it is possible that the 
length of data collection was not adequate to 
account for possible kidney injury from TDF. 
A study assessing renal tubular dysfunction 
in patients receiving adefovir or TDF showed 
a mean onset of dysfunction of 49 months.15 

It is possible that participants in this study 
would go on to develop renal dysfunction in 
the future. This potential also was observed 
in a more recent retrospective cohort study 
in chronic HBV infection, which showed the 
greatest degree of decline in kidney func-
tion between 36 and 48 months (−11.87 to  
−15.73 mL/min/m2 for the TDF group).21 

The retrospective design created addi-
tional limitations. We attempted to account 
for some by using a matched cohort for 
the entecavir group, and there was no sta-
tistically significant difference between the 
groups in baseline characteristics. In HIV 
patients, a 10-year follow-up study contin-
ued to show decline in eGFR throughout the 
study, though the greatest degree of reduc-
tion occurred in the first year of the study.10 

The higher baseline eGFR of the TDF recip-
ients, 77.7 mL/min for the TDF alone group 
and 89.7 mL/min for the TDF/emtricitabine 
group vs 72.2 to 76.3 mL/min in the other 
NRTI groups, suggests high potential for se-
lection bias. Some health care providers were 
likely to avoid TDF in patients with lower 
eGFR due to the data suggesting nephrotox-
icity in other populations. Another limitation 
is that the reason for the missing laboratory 
values could not be determined. The TDF 
group had the greatest disparity in SCr data 
availability at baseline vs 36 months, with 
39.5% concurrence with TDF alone com-
pared with 50.0 to 63.6% in the other groups. 
Other treatment received outside the VHA 
system also could have influenced results.  

CONCLUSIONS
This retrospective, multicenter, cohort 
study did not find a difference between 
TDF and other NRTIs for changes in renal 
function over time in patients with HBV in-
fection without HIV. There was a fixed ef-
fect for time, ie, all NRTI groups showed 
some decline in renal function over time 
(−4.6 mL/min), but the effects were similar 
across groups. The results appear contrary 
to studies with comorbid HIV showing a 
decline in renal function with TDF, but 

TABLE 3 Baseline eGFRa 
Treatments eGFR, mL/min

TDF alone 77.7

TDF/emtricitabine 89.7

Adefovir 76.3

Entecavir 73.4

Lamivude 72.2

Abbreviations: eGFR , estimated glomerular filtration 
rate; TDF, tenofovir disoproxil fumarate.  
aDetermined using Modification of Diet in Renal Disease 
equation.

TABLE 4 Change in eGFR	
Effects eGFR, mL/min P value

Time −4.6 < .001

Random 
  Entecavir
  Lamivudine
  TDF
  TDF/emtricitabine

−0.2
−0.8
+0.2
+1.3

 
.86 
.39 
.81 
.21

Abbreviations: eGFR , estimated glomerular filtration 
rate; TDF, tenofovir disoproxil fumarate.  
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present studies in HBV monotherapy have 
mixed results. 

Further studies are needed to validate 
these results, as this and previous studies 
have several limitations. If these results are 
confirmed, a possible mechanism for these 
differences between patients with and with-
out HIV should be examined. In addition, 
a study looking specifically at incidence of 
acute kidney injury rather than overall de-
cline in renal function would add important 
data. If the results of this study are confirmed, 
there could be clinical implications in choice 
of agent with treatment of HBV monoinfec-
tion. This would add to the overall arma-
ment of medications available for chronic 
HBV infection and could create cost savings 
in certain situations if providers feel more 
comfortable continuing to use TDF instead of 
switching to the more expensive TAF.
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