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a b s t r a c t
Objectives: Tenofovir disoproxil fumarate (TDF) and entecavir (ETV) are recommended as ﬁrst-line treatments for chronic hepatitis B (CHB). However, the safety of these two drugs remains controversial. This
study aimed to evaluate and compare renal function and bone mineral density in patients with CHB who
took TDF or ETV.
Methods: The electronic databases of the Cochrane Library, PubMed, and Embase were searched. The
keywords were: “CHB”, “tenofovir”, and “entecavir”. Heterogeneity and subgroups were analyzed.
Results: A total of 16 studies met the inclusion criteria. There was no signiﬁcant difference in serum
creatinine levels between the TDF and the ETV group. There was a signiﬁcant standardized mean difference (SMD) in the serum estimated glomerular ﬁltration rate between months (12 months: SMD [95%
conﬁdence interval] = -0.07 [-0.12, -0.01]; 18-24 months: SMD [95% conﬁdence interval] = -0.11 [-0.17,
-0.05]), but no signiﬁcant difference emerged in the long-term drug use for over 24 months. There was
no signiﬁcant difference in the incidence of osteopenia/osteoporosis (I2 = 41%, risk ratio [95% conﬁdence
interval] = 1.29 [0.93, 1.77], P-value = 0.13 >0.05).
Conclusion: Compared with the ETV group, a greater reduction in estimated glomerular ﬁltration rate
and serum phosphorus levels was observed in the TDF group. There was no signiﬁcant difference in the
incidence of osteopenia/osteoporosis between the two groups.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction
Hepatitis B virus (HBV) infection is considered one of the
most critical public health problems worldwide, with an estimated
257 million people worldwide infected with HBV (World Health
Organization, 2017). More than 686,0 0 0 people die yearly from
end-stage chronic hepatitis B (CHB) and CHB-related complications, such as decompensated cirrhosis and hepatocellular carcinoma (World Health Organization, 2022). Oral antiviral drugs are
regarded as ﬁrst-line treatments for HBV, considering the health
care conditions, adherence, and cost. Tenofovir disoproxil fumarate
(TDF) and entecavir (ETV) have been recommended as the drugs of
the ﬁrst choice for HBV treatment in long-term clinical trials. How-
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ever, recent years have seen the rise of concern about the safety of
TDF and ETV, especially the safety of TDF regarding its impacts on
renal function.
The safety of these two drugs remains controversial. The guidelines published by the European Association for the Study of the
Liver recommend consideration of ETV in patients with CHB with
underlying renal disease and an estimated glomerular ﬁltration
rate (eGFR) <60 ml/min/1.73 m2 or switching from TDF to ETV or
tenofovir alafenamide fumarate. Nevertheless, the American Association for the Study of Liver Diseases has no preference between
TDF and ETV, considering their effects on the kidney.
Some studies suggest that glomerular disease may be the underlying cause of renal insuﬃciency. Other studies indicate that a
history of drugs other than nucleoside (acid) analogs, hypertension,
diabetes, and baseline renal function are all causes of renal impairment during the therapy with oral nucleos(t)ide analog drugs (Lai
et al., 1991; Fontana, 2009).
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In addition, studies in animal models have found that using
TDF reduces bone mineral density (Van Rompay et al., 2004). TDF
may affect the ability of cells to synthesize DNA, resulting in altered expression of genes involved in bone maintenance and thus,
loss of bone density. Some studies have revealed that renal insuﬃciency caused by TDF may be the cause of bone density loss
that may lead to osteoporosis, hypophosphorus osteomalacia, etc.
(Lucey et al., 2013). The kidneys are mainly responsible for the calcium and phosphorus metabolism that upholds bone metabolism.
The kidney and bone are closely related. Due to the long-term use
of antiviral drugs and even life-long medication, more individuals
have begun to perceive the inﬂuence of antiviral drugs on the human kidney and bone health.
To the best of our knowledge, four systematic reviews have
compared the eﬃcacy and safety of TDF and ETV. Among them, Ke
et al. (2014) and Han et al. (2017) focused on eﬃcacy rather than
renal safety. Ke et al. (2014) did not ﬁnd a signiﬁcant difference in
the safety between the two drugs, whereas Han et al. (2017) suggested that patients treated with TDF may have underlying renal
impairment compared with those treated with ETV. However, neither study provided precise data on continuous variables of renal
function. Chan et al. (2016) performed a network analysis to compare the effects of various nucleos(t)ide analogs on renal function,
but only three of all the included articles directly compared TDF
and ETV. Lee et al. (2019) indicated that TDF increased serum creatinine levels and decreased eGFR compared with ETV over 6-24
months, but the difference was minimal. The observation time of
the above four studies did not exceed 24 months, and the changes
in bone mineral density in patients with HBV were not analyzed
and compared. Despite a growing body of research efforts to elucidate the differences between the two drugs in renal and bone
damage, the safety of TDF and ETV has not been determined. In
this study, we performed a meta-analysis to investigate the effects
of TDF and ETV on renal function and bone mineral density in patients infected with HBV.

virus, cytomegalovirus, or Epstein-Barr virus; (ii) alcoholic liver
disease, autoimmune hepatitis, drug-induced liver injury, Wilson
disease, and other liver diseases; (iii) acute hepatitis and acute exacerbations.; (iv) combination therapy or sequential therapy; and
(v) not reporting any eﬃcacy measures or not conveying suﬃcient
statistical information.
Data extraction
Two authors independently extracted data with predeﬁned data
extraction tables to minimize random and biased errors. A third
author independently reviewed any disagreements or unresolved
issues. The following variables were extracted from selected studies: (i) we compared changes in eGFR and levels of serum creatinine, calcium, and phosphorus at 12 months, 18-24 months, and
>24 months and the incidence of osteopenia/osteoporosis in the
TDF and the ETV group. Outcomes were reported as mean ± SD,
and risk ratio (RR). (ii) When studies presented data using graphs
rather than measured numerical data, we extracted comparable
data from graphs. (iii) If necessary, we would modify the data
(merging two data or converting standard error to standard deviation) for better comparison.
Assessment of methodological quality
Two authors used the Newcastle-Ottawa scale for nonrandomized studies to assess the quality of included cohort studies and
the National Institutes of Health Study Quality Assessment Tools to
assess the quality of included cross-sectional studies.
Statistical analysis
The primary outcomes were changes in serum creatinine level,
eGFR, and the incidence of osteopenia/osteoporosis at 12 months,
18-24 months, and >24 months in the TDF and the ETV group.
Secondary outcomes were changes in levels of serum calcium and
serum phosphorus.
We derived the mean differences in eGFR and levels of serum
creatinine, serum calcium, and serum phosphorus between the
aforementioned time points and baseline. The mean differences
between the TDF and ETV groups were estimated and pooled
using a ﬁxed/random-effects model. The incidence of osteopenia/osteoporosis between the TDF and ETV groups was obtained,
and the RR values were pooled. A signiﬁcant difference was deﬁned as a P-value of the Z-score less than 0.05. Publication bias
was assessed when more than 10 studies were included for an
outcome measure. Because eGFR is estimated by a different formula (e.g., Modiﬁcation of Diet in Renal Disease or The Chronic
Kidney Disease Epidemiology Collaboration), we synthesized standardized mean differences (SMDs) for continuous variables with
potential differences in such measures. A subgroup analysis of patients with decompensated cirrhosis and liver transplantation was
performed, and a meta-analysis was performed using Review Manager (RevMan version 5.3).

Materials and methods
This study follows the Preferred Reporting Items for Systematic Review and Meta-analyses statement and preregistered the research protocol on the International Prospective Register of Systematic Reviews (#CRD 42022333445).
Data and literature sources
Two authors independently performed a systematic search in
PubMed, EMBASE, and Cochrane library databases, without restrictions on language. The following keywords, medical subject headings, and free text were searched: tenofovir, entecavir, chronic hepatitis B, and multiple synonyms. Then, relevant articles and bibliographies were manually identiﬁed based on the reference list of
included studies.
Inclusion and exclusion criteria
Two authors independently identiﬁed eligible articles for inclusion based on a two-level screening using the population, intervention, comparison, outcome framework. Differences among reviewers were resolved by consensus with the third author.
The inclusion criteria were as follows: (i) human subjects; randomized controlled trials, and nonrandomized controlled trials
with more than two arms; (ii) CHB infection; (iii) interventions
with ETV or TDF monotherapy; (iv) treatment for more than 6
months; and (v) patients aged over 18 years.
The exclusion criteria were as follows: (i) co-infection with
other hepatitis viruses (A, C, D, or E), human immunodeﬁciency

Results
Identiﬁcation of studies
Figure 1 shows details of the literature search and study selection. A total of 2770 articles were identiﬁed from databases. First,
708 duplicates were excluded, 498 non-English and nonclinical
studies were excluded, 1474 publications were excluded because
they did not meet the selection criteria after screening the title
and abstract, and four were unavailable. Then, we reviewed the remaining 86 articles by reading full texts. A total of 16 reports (four
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Figure 1. Flow of patient selection for the study analysis.

prospective cohort studies [Kahraman et al., 2022; Koklu et al.,
2015; Koksal et al., 2019; Riveiro-Barciela et al., 2017], 10 retrospective cohort studies [Chon et al., 2022; Huang et al., 2021; Kara
et al., 2019; Kim et al., 2020; Liu et al., 2022; López Centeno et
al., 2016; Park et al., 2017; Tsai et al., 2021; Udompap et al., 2018;
Wei et al., 2019], and two cross-sectional studies [Rodríguez-Nóvoa
et al., 2016; Tien et al., 2015]) were considered eligible and were
included in the meta-analysis.

four reported the incidence rates of osteopenia/osteoporosis. Two
of these studies included patients who received a liver transplant
(Kim et al., 2020; Liu et al., 2022), and two studies analyzed patients with decompensated cirrhosis (Koklu et al., 2015; Park et al.,
2017).
Cohort studies were assessed using Newcastle-Ottawa scale for
nonrandomized studies, and cross-sectional studies were assessed
using National Institutes of Health Study Quality Assessment Tools.
For details on the quality of the included studies, see Table 1. The
number of studies included in each time group was less than 10;
hence, no publication bias test was performed.

Study characteristics and quality of evidence
Table 1 describes the characteristics of the 16 included studies. A total of 7251 participants who received TDF (n = 3184) or
ETV (n = 4067) were included. The participants were predominantly male. Most enrolled patients were between the age of 40
to 65 years. The duration of drug treatment ranged from 6 to 72
months. Among 16 studies, 11 provided eGFR data, 10 reported
data on serum creatinine level, eight provided data on serum phosphorus level, three provided data on serum calcium level, and

Change in serum creatinine level and eGFR
Figure 2(a-c) shows the comparison of levels of serum creatinine in patients with CHB who were treated with TDF or ETV
for 12 months, 18-24 months, and >24 months. Compared with
the baseline, there was no signiﬁcant difference in the changes in
serum creatinine levels between the TDF and the ETV group (at
135
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Figure 2. Forest plot for the change of serum creatinine: (a) 12 months, (b) 18-24 months, (c) >24 months. Forest plot for the change of estimated glomerular ﬁltration
rate: (d) 12 months, (e) 18-24 months, (f) >24 months. Forest plot for TDF ETV serum phosphorus comparison: (g) 12 months, (h) 18-24 months, (i) > 24 months. (j) Forest
plot for TDF ETV serum calcium comparison. Abbreviations: ETV, entecavir; TDF, Tenofovir disoproxil fumarate.

12 months: I2 = 54%, random-effects models (REM), mean deviation (MD) [95% conﬁdence interval (CI)] = 0.02 [-0.03, 0.07], Pvalue = 0.40; at 18-24 months: I2 = 81%, REM, MD [95% CI] = 0.04
[-0.05, 0.12], P-value = 0.37; >24 months: I2 = 98%, REM, MD [95%
CI] = -0.30 [-1.04, 0.45], P-value = 0.43).
Figure 2(d-f) shows the comparison of eGFR between the two
groups at 12 months, 18-24 months, and > 24 months. Compared
with baseline, the changes in eGFR in the TDF group at 12 months
and 18-24 months were reduced more signiﬁcantly than those
in the ETV group (at 12 months: I2 = 0%, ﬁxed-effects models
(FEM), SMD [95% CI] = -0.07 [-0.12,-0.01], P-value = 0.02; 18-24
months: I2 = 15%, FEM, SMD [95% CI] = -0.11 [-0.17, -0.05], Pvalue = 0.0 0 02). There was no signiﬁcant difference in changes in
eGFR between the two groups when the treatment duration was
over 24 months (I2 = 81%, REM, SMD [95% CI] = -0.03 [-0.22, 0.16],
P-value = 0.77).

-0.03], P-value = 0.01; at 18-24 months: I2 = 99%, REM, MD [95%
CI] = -0.47 [-1.70, 0.75], P-value = 0.45; >24 months: I2 = 0%, FEM,
MD [95% CI] = 0.02 [-0.14, 0.17], P-value = 0.83).
Figure 2(j) compares serum calcium levels between the two
groups. Compared with baseline, there was no signiﬁcant difference in serum calcium level changes between the TDF group and
the ETV group at ≥24 months (I2 = 73%, REM, MD [95% CI] = -0.02
[-0.18, 0.13], P-value = 0.77).
Incidence of osteopenia/osteoporosis
Figure 3 compares the incidence of osteopenia/osteoporosis between the two groups. Compared with baseline, there was no signiﬁcant difference in the incidence of osteopenia/osteoporosis between them (I2 = 41%, FEM, RR [95% CI] = 1.16 [0.96, 1.40], Pvalue = 0.13).

Changes in serum phosphate and serum calcium
Subgroup analysis
Figure 2(g-i) shows the comparison of serum phosphorus levels
in patients with CHB who took TDF or ETV for 12 months, 18-24
months, and >24 months. Changes in serum phosphorus levels at
12 months were signiﬁcantly greater in the TDF group than in the
ETV group compared with baseline, whereas no signiﬁcant difference emerged between the two groups at 18-24 months and >24
months (at 12 months: I2 = 41%, FEM, MD [95% CI] = -0.12 [-0.22,

To assess the difference between TDF and ETV in renal bone injury in a speciﬁc population, we performed a subgroup analysis of
studies that reported eGFR and serum creatinine levels at 12 and
24 months in patients with decompensated cirrhosis (Koklu et al.,
2015; Park et al., 2017) and patients undergoing liver transplantation (Kim et al., 2020; Liu et al., 2022).
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Figure 3. Forest plot for TDF ETV osteopenia/osteoporosis. Abbreviations: ETV, entecavir; TDF, Tenofovir disoproxil fumarate.

Figure 4. Forest plot for decompensated cirrhosis estimated glomerular ﬁltration rate: (a) 12 months, (b) 24 months. Forest plot for decompensated cirrhosis creatinine: (c)
12 months, (d) 24 months. Abbreviations: ETV, entecavir; TDF, Tenofovir disoproxil fumarate.

Patients with decompensated cirrhosis

Liver transplant

There was no signiﬁcant difference in eGFR between the two
groups at 12 and 24 months after treatment for decompensated
cirrhosis (12 months: I2 = 47%, FEM, SMD [95% CI] = -0.02 [0.43, 0.39], P-value = 0.92); 24 months: I2 = 0%, FEM, SMD [95%
CI] = [0.47, 0.34] = 0.06, P-value = 0.77), as shown in Figure 4(ab).
In patients with decompensated cirrhosis, serum creatinine levels decreased more signiﬁcantly in the TDF group than in the ETV
group at 24 months (I2 = 0%, FEM, MD [95% CI] = -0.10 [-0.19,
-0.01], P-value = 0.03). There was no signiﬁcant difference between the two groups at 12 months (I2 = 0%, FEM, MD [95% CI] = 0.04 [-0.17, 0.10], P-value = 0.60), as shown in Figure 4(c-d).

In patients who had undergone liver transplants, no signiﬁcant
differences in the changes of eGFR were observed between the TDF
and the ETV group at 12 months and 24 months (at 12 months:
I2 = 0%, FEM, SMD [95% CI] = 0.04 [-0.20, 0.29], P-value = 0.72;
at 24 months: I2 = 0%, FEM, SMD [95% CI] = 0.05 [-0.20, 0.30],
P-value = 0.70), as shown in Figure 5(a-b).
Changes in serum creatinine levels also showed no signiﬁcant differences between the two groups at 12 months and 24
months (12 months: I2 = 0%, FEM, MD [95% CI] = -0.14 [0.38, 0.09], P-value = 0.24; at 24 months: I2 = 0%, FEM, MD
[95% CI] = -0.14 [0.39, 0.11], P-value = 0.27), as shown in
Figure 5(c-d).
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Figure 5. Forest plot for liver transplantation estimated glomerular ﬁltration rate: (a) 12 months, (b) 24 months. Forest plot for liver transplantation creatinine: (c) 12
months, (d) 24 months. Abbreviations: ETV, entecavir; TDF, Tenofovir disoproxil fumarate.

Sensitivity analysis

tation, etc., whereas other studies included such patients more or
less, as shown in Figure 6 (a-b).
Similarly, as for levels of serum creatinine at 18-24 months, no
signiﬁcant difference was observed between the TDF and the ETV
group after excluding the study of Kara et al. (2019) (I2 = 29%, FEM,
MD [95% CI] = -0.01 [-0.04, 0.03], P-value = 0.74), as shown in
Figure 6(c).
The study by Udompap et al. (2018) was found to be the primary source of heterogeneity with respect to creatinine level when
the treatment duration was over 24 months because no signiﬁcant
difference was observed between the two groups after the study
by Udompap et al. (2018) was excluded (I2 = 0%, FEM, MD [95%
CI] = 0.06 [-0.02, 0.14], P-value = 0.15). Considering its heterogeneity mainly from the baseline of enrolled patients in the study of
Udompap et al. (2018), a larger proportion of patients had hepatocellular carcinoma: 78 (37.7%) in ETV (n = 207) and 64 (33.5%)
in TDF (n = 191), and many patients experienced pre-existing renal insuﬃciency (eGFR <60 ml/min/1.73 m2 ), decompensated liver
cirrhosis, hypertension, diabetes, etc., as shown in Figure 6(d).

We performed a sensitivity analysis to assess heterogeneity between the two groups regarding eGFR, serum creatinine, serum
phosphorus, and serum calcium.
Serum creatinine
Two articles by Riveiro-Barciela et al. (2017) and Kara et al.
(2019) were found to be the main sources of heterogeneity regarding the levels of serum creatinine (at 12 months). The results,
excluding those by Riveiro-Barciela et al. (2017), showed that the
changes in serum creatinine levels at 12 months in the TDF group
were signiﬁcantly higher than in the ETV group (I2 =1%, FEM, MD
[95% CI] = 0.05 [0.01, 0.09], P-value = 0.008). The heterogeneity
may be because all the patients in this study were Caucasian. There
was a larger proportion in the groups of patients with liver cirrhosis: 133 (31.4%) in the TDF group and 64 (34.2%) in the ETV group.
The results after excluding the study by Kara et al. (2019) showed
no statistically signiﬁcant differences in serum creatinine levels at
12 months between the two groups (I2 = 15%, FEM, MD [95%
CI] = -0.01 [-0.04, 0.03], P-value = 0.72). The heterogeneity may
be because the Kara et al. (2019) study excluded patients with liver
cirrhosis, eGFR <60 ml/min/1.73 m2 (Chronic Kidney Disease Epidemiology Collaboration), liver decompensation, organ transplan-

eGFR
As for eGFR (>24 months), we found that Chon et al.
(2022) was the primary source of heterogeneity because no signiﬁcant difference emerged between the two groups after it was
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Figure 6. Forest plot of serum creatinine (12 months) heterogeneity: (a) Results after excluding Riveiro-Barciela et al. (2017). (b) Results after excluding Kara et al. (2019).
(c) Forest plot of serum creatinine (18-24 months) heterogeneity. (d) Forest plot of serum creatinine (>24 months) heterogeneity. (e) Forest plot of eGFR (> 24 months)
heterogeneity. Forest plot of serum phosphorus, serum calcium heterogeneity: (f) Serum phosphorus (18-24 months) excluded Koklu et al. (2015), (g) Serum calcium excluded
Kahraman et al. (2022). Abbreviations: ETV, entecavir; TDF, Tenofovir disoproxil fumarate.

MD [95% CI] = 0.05 [0.01, 0.09], P-value = 0.008). (ii) There was
a signiﬁcant SMD in serum eGFR levels between the two groups
from 12 to 24 months (12 months: SMD [95%CI] = -0.07 [-0.12, 0.01]; 18-24 months: SMD [95%CI] = -0.11 [-0.17, -0.05]). The TDF
group showed a greater decline in eGFR than the ETV group after 12-24 months of drug use. However, there was no signiﬁcant
difference regarding the long-term treatment (>24 months). (iii)
There was no signiﬁcant difference in the incidence of osteopenia/osteoporosis between the two groups. The follow-up time of
the included studies was more than 12 months. (iv) The changes in
serum phosphorus levels in patients who took TDF for 12 months
were signiﬁcantly lower than in those taking ETV (MD [95% CI] = 0.12 [-0.22, -0.03]), and there was no signiﬁcant change in serum
calcium levels. (v) After taking medication for 24 months, serum
creatinine levels in patients with decompensated cirrhosis who
took TDF were signiﬁcantly lower than those taking ETV (I2 = 0%,
MD [95% CI] = -0.10 [-0.19, -0.01]), but there was no signiﬁcant difference at 12 months. There was no signiﬁcant difference in renal
function changes in patients who received a liver transplant.
Both TDF and ETV are eliminated by renal excretion. Although
the exact mechanism of nephrotoxicity is still unclear, some studies (Jafari et al., 2014) pointed out that the drug may accumulate in
the proximal tubule during renal excretion and cause nephrotoxicity by directly damaging the proximal tubule cells and mitochondria. Many studies have investigated the effects of TDF and ETV on
renal function; however, this topic remains controversial.
Studies by Koklu et al. (2015) showed that eGFR decreased in
the TDF group at 24 months of follow-up. However, when excluding patients with any possible renal risk factors (aged 50 years, decompensated cirrhosis, hypertension, and diabetes), there was no
signiﬁcant difference between the groups at the end of the 24th
month of treatment (P-value = 0.582). Chon et al. (2022) pointed
out that in the ETV group, the eGFR of patients with hypertension
or diabetes decreased signiﬁcantly. In contrast, the eGFR of patients

removed (I2 = 31%, FEM, SMD [95% CI] = 0.05[-0.06, 0.17], Pvalue = 0.15). Considering its source of heterogeneity, the baseline
adverse conditions of patients in the ETV study group (n = 1793)
were signiﬁcantly higher than the TDF patient group (n = 1240),
and particularly, the ETV group had lower eGFR than the TDF
group (mean 96.0 vs 101.9 ml/min/1.73 m2 , P-value <0.001)
Figure 6(e).
Serum phosphorus and serum calcium
Koklu et al. (2015) was found to be the primary source of
heterogeneity in serum phosphorus (at 18-24 months). After excluding this study, there was no signiﬁcant difference between
the two groups (I2 = 22%, MD [95% CI] = -0.11 [-0.30, 0.08], Pvalue = 0.25), as shown in Figure 6(f).
Kahraman et al. (2022) was found to be the main source of
heterogeneity in serum calcium. After excluding this study, there
was no signiﬁcant difference between the two groups (I2 = 0%,
MD [95% CI] = -0.10 [-0.20, -0.00], P-value = 0.05), as shown in
Figure 6(g).
Discussion
In this meta-analysis, we concluded: (i) serum creatinine levels were not signiﬁcantly different between the TDF and the ETV
group at 12 months, 18-24 months, and >24 months of treatment
(0.02 mg/dl: 95% CI [-0.03, 0.07], I2 = 54%; 0.04 mg/dl: 95% CI [0.05, 0.12], I2 = 81%; -0.30 mg/dl: 95% CI [-1.04, 0.45], I2 = 98%),
indicating that there is no signiﬁcant difference in the effects of
the two drugs on serum creatinine level in short-term and longterm use. According to the sensitivity analysis of included studies
regarding levels of creatinine at 12 months of treatment, the serum
creatinine level in the TDF group was 0.05 higher than that in the
ETV group at 12 months, with a signiﬁcant difference (I2 = 1%,
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without such comorbidities did not change signiﬁcantly. In the TDF
group, eGFR decreased signiﬁcantly with or without hypertension
and diabetes, and the decline in eGFR was accelerated with these
comorbidities. Kara et al. (2019) included patients with treatmentnaïve CHB and pointed out that eGFR was reduced in patients with
HBV who had taken TDF for 24 months, indicating that TDF was an
independent predictor of changes in eGFR.
However, some studies (Park et al., 2017; Riveiro-Barciela et al.,
2017) showed that patients receiving TDF and ETV treatment did
not show signiﬁcant differences in eGFR levels during the 24month observation period. A newly published study by Tsai et al.
(2021) showed that TDF and ETV had a similar mean decrease in
eGFR at up to 60 months of follow-up (TDF: 10.1 ml/min/1.73 m2 ,
[95% CI]: 7.4-12.7; ETV: 8.0 ml/min/1.73 m2 , [95% CI]: 6.4-9.6), indicating that TDF is safe for patients with CHB without chronic
renal insuﬃciency. However, it was found that in older adults
aged ≥60 years who were receiving TDF treatment, the 5-year cumulative incidence of renal insuﬃciency was signiﬁcantly higher
(TDF: 34.4%, [95% CI]: 17.7-59.8; ETV: 15.5%, [95% CI]: 9.4-25.1).
Another 60-month follow-up also showed that the renal function
of patients taking TDF or ETV remained stable. However, Chon
et al. (2022) reported that the TDF group showed progressive renal insuﬃciency despite small changes in annual eGFR in up to 72
months of follow-up, compared with ETV.
In our study, the TDF group showed a more signiﬁcant reduction in eGFR at ≤24 months of follow-up than the ETV group,
and there was no signiﬁcant difference regarding a longer treatment duration. For patients with decompensated cirrhosis, levels of
serum creatinine were signiﬁcantly lower in patients treated with
TDF than those treated with ETV, indicating that TDF had smaller
impacts on renal function, whereas for patients who had undergone liver transplants, there was no signiﬁcance in the serum creatinine level. Hypertension, diabetes mellitus, pre-existing renal insuﬃciency, and age were found in previous studies to be factors
that affect the changes in renal function in TDF and ETV groups.
In our study, although there was no signiﬁcant difference regarding renal function in the two groups during a long-term treatment
period, a slight decline in renal function was observed in the TDF
group when the treatment continued for no more than 24 months.
Thus, it may be recommended that individual risk factors should
be identiﬁed early and antiviral drugs should be selected with caution for relatively short-term treatment.
In addition to the effect on renal function, damage to the bone
caused by TDF and ETV regarding long-term drug use has attracted
increasing attention. Some studies have suggested that the potential effects of these two drugs on proximal renal tubular cells may
lead to phosphate depletion and thus lead to bone mineral density reduction. Huang et al. (2021) showed that patients with CHB
treated with TDF may have increased bone mineral density loss.
Saeedi et al. (2017) revealed a slightly increased risk of abnormal bone metabolism in patients with HBV receiving TDF therapy, especially involving vitamin D insuﬃciency. However, there
are some different results. Tien et al. (2015) suggested that patients with HBV treated with TDF did not have an increased risk
of osteoporosis during a follow-up period of ≥18 months. Wei
et al. (2019) observed no signiﬁcant increase in the incidence of
osteopenia/osteoporosis in patients with CHB treated with TDF
or ETV during a median follow-up period of approximately 4-5
years. Dessordi et al. (2021) proposed that the presence of HBV
infection leads to an increased risk of changes in bone health regardless of the use of TDF, ETV, or lamivudine. Bunchorntavakul
et al. (2016) found that in patients with CHB without cirrhosis,
the changes in bone mineral density were not signiﬁcantly different between treatment with nucleotide and nucleoside analogs. A
newly published study (Kahraman et al., 2022) revealed that longterm treatment of patients with HBV with TDF resulted in a sig-

Values are presented as mean ± standard deviation or number; estimated glomerular ﬁltration rate was expressed in ml/min/1.73 m2 .
NA: not available.
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Table 1
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entecavir
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(mo)

Newcastle-Ottawa Scale of
Nonrandomized Studies /
National Institutes of Health
Study Quality Assessment Tools
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niﬁcant decrease in the bone mineral density of the hip and L3
lumbar spine.
Our study found no signiﬁcant difference in the incidence of osteopenia/osteoporosis between the use of TDF and ETV at a followup of at least 12 months, but this may require longer-term validation.
Our study is different from existing studies because of the following: (i) we collected continuous variable data of renal function
changes over a longer period, up to 72 months. (ii) Serum calcium and serum phosphorus were investigated, and the changes
in renal function were more comprehensively understood. (iii) We
increased the inclusion of newly published studies from 2018 to
2022 through qualiﬁed research quality assessment methods and
updated the data comparing the effects of TDF and ETV on renal
function. (iv) Subgroup analysis was performed on renal function
changes in patients with decompensated cirrhosis and receiving
liver transplants. (v) The effects of TDF and ETV on bone mineral
density in HBV patients were systematically analyzed for the ﬁrst
time.
Our study also had several limitations: (i) through sensitivity
analysis, we found that one study had a signiﬁcant weight and effect size, which affected the results’ stability. The results after excluding this study showed no signiﬁcant difference between the
two medication groups. (ii) The formula for eGFR calculation varies
from study to study. Although we used SMD for the meta-analysis,
the results need to be interpreted with caution. (iii) The sample
size of patients with HBV with decompensated cirrhosis and undergoing liver transplantation is insuﬃcient, and an analysis of
larger sample size may be required. (iv) The number of included
studies on the effects of TDF and ETV on bone mineral density
in patients with HBV is small, and more continuous data on bone
mineral density cannot be collected. Further head-to-head randomized controlled studies with large sample sizes may be needed.
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