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ABSTRACT

Background: Decrease in estimated glomerular filtration rate (eGFR) during Tenofovir disoproxil
fumarate (TDF) treatment remains a concern, and few patients experience partial recovery of
eGFR. This study aimed to investigate the risk factors for eGFR recovery in patients with and
without hypertriglyceridemia.

Methods: A total of 203 patients with chronic HBV infection were prospectively recruited and
followed up for three years. Data were collected at baseline, first, second, and third years during
TDF treatment.

Results: Most patients achieved normal ALT (80.0% vs. 82.5%) and undetectable HBV DNA
(95.0% vs. 95.6%) in both groups (p>0.05). For patients with hypertriglyceridemia, eGFR and
cholesterol did not change significantly during the 3-year follow-up, while triglyceride (TG)
decreased significantly in the first year and persisted at a lower level in the subsequent two
years. For patients without hypertriglyceridemia, eGFR declined significantly in the first year of
treatment, then gradually recovered during the subsequent two years, and eGFR was negatively
correlated with TG at the four time points. Fifteen (15/183, 8.2%) patients without hypertrigly-
ceridemia experienced eGFR partial recovery in the third year. Univariate and multivariate analy-
ses showed that baseline eGFR <90 mL/(min-1.73 m?) (p <0.01; 95% Cl: 0.019-0.284) and age
(p < 0.01; 95% Cl: 0.817-0.960) were independent risk factors for eGFR recovery.

Conclusion: eGFR partially recovered in patients without hypertriglyceridemia during TDF treat-
ment, and TG regulation might be a useful strategy to hinder renal function decline, although
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larger, confirmatory studies are necessary to validate our findings.

KEY MESSAGES

e For patients with normal triglyceride, eGFR declined significantly at the first year of TDF treat-
ment, then gradually recovered during the subsequent two years, and eGFR was negatively
correlated with TG. Baseline eGFR <90 mL/(min-1.73 m?) and age were independent risk fac-

tors for eGFR recovery.

Introduction

Chronic hepatitis B virus (HBV) infection remains the
leading cause of liver cirrhosis (LC) and hepatocellular
carcinoma (HCC) in the Asia-Pacific region [1,2]. At pre-
sent, nucleos(t)ide analogs (NAs) are the main antiviral
agents for treating chronic hepatitis B (CHB) [3].
However, NA resistance is a major public health con-
cern in recent decades [4].

Tenofovir disoproxil fumarate (TDF) is a potent NA
with a high barrier to resistance in treating chronic

HBV or HIV infection [5]. Although renal and bone tox-
icities were reported during TDF treatment, it was well
tolerated in the globally registered phase Il clinical
trial and phase lll clinical trial in China [6,7]. Renal
function remained stable in European studies [1,8],
even for patients with abnormal baseline estimated
glomerular filtration rate (eGFR) [9,10]. We previously
found that eGFR was partially restored in a 2-year real-
world study, but it was difficult to select patients with
reversible eGFR [11,12].
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Moreover, a significant reduction in low-density
lipoprotein (LDL) was reported in patients with HIV
infection after TDF treatment [13,14], which may be
potentially beneficial for the prevention of cardiovas-
cular diseases. LDL was increased in patients switching
from TDF to tenofovir alafenamide (TAF)-containing
regimen [15]. Moreover, total cholesterol and triglycer-
ide (TG) decreased significantly after switching back
from TAF to TDF [16].

In addition, patients treated with TDF had lower TG
levels than those in the non-TDF group [17]. However,
whether TDF impacts lipid profile in patients with
CHB, and the relationship between lipid profile and
eGFR remain unclear.

In the present 3-year real-world study, we analyzed
the dynamic changes of eGFR and lipid profile in
patients with CHB and hypertriglyceridemia and pro-
vided evidence for selecting patients with reversible
eGFR.

Methods
Study population and data collection

A total of 355 patients with CHB were prospectively
recruited from the Third People’s Hospital of Changzhou
and Nanjing Drum Tower Hospital, Nanjing University
Medical School. Until the last follow-up visit on 20
November 2021, data from 203 patients who had taken
TDF for three years, were analyzed. Hypertriglyceridemia
was defined as a serum TG level >1.7mmol/L [18].
Demographic and laboratory data, including age, sex,
alanine transaminase (ALT), aspartate aminotransferase
(AST), total bilirubin, total cholesterol, eGFR, TG, choles-
terol (CHOL), creatinine, phosphorus, HBV serological
markers, and HBV DNA, were collected at baseline, first,
second and third year. Reversible eGFR was confirmed
when the GFR increased by 30 ml/(min-1.73m?) or a 25%
increase compared to the lowest level [18].

The study was approved by the Ethics Committee
of the Third People’s Hospital of Changzhou. As
described in our previous study, [8] it is a prospective
cohort study wherein all consecutive individuals with
chronic HBV infection (non-hypertriglyceridemia and
hypertriglyceridemia), who initiated the first prescrip-
tion of TDF between January 2016 and May 2017,
were prospectively recruited, and all individuals signed
consent to participate during this period.

Statistical analysis

All data were analyzed using SPSS 23.0 software
(Chicago, IL, USA). Continuous variables were presented
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as the median and interquartile range (IQR), and were
compared using Mann-Whitney U tests. Categorical vari-
ables were expressed as frequencies, and analyzed by
the Chi-square test. Risk factors for eGFR recovery were
analyzed using logistic regression analyses. A p value
<0.05 was considered statistically significant.

Results
Baseline characteristics of patients

Among the 203 patients, 20 were diagnosed with
hypertriglyceridemia. The baseline characteristics of
enrolled patients are shown in Table 1. Baseline ALT
was significantly higher in the hypertriglyceridemia
group (p=0.05), and there was no significant differ-
ence in baseline eGFR, creatinine and HBV DNA
between the two groups.

Dynamic changes in eGFR, TG and CHOL during
3-year TDF treatment

For patients with hypertriglyceridemia, eGFR and
CHOL did not change significantly during 3-year fol-
low-up, while TG decreased significantly at the first
year and persisted at a lower level in the subsequent
two years (Figure 1(B)).

For patients without hypertriglyceridemia, eGFR
declined significantly in the first year of treatment,
and then gradually recovered during the subsequent
two years (Figure 1(C)). Moreover, TG and CHOL had
similar changes as eGFR.

Both TG and CHOL were higher in the hypertrigly-
ceridemia group than in the non-hypertriglyceridemia
group at all time points (Figure 2).

Correlation between eGFR, TG and CHOL

For patients with TG <1.7 mmol/L, eGFR was nega-
tively correlated with TG at all time points (all
p < 0.05). For patients with hypertriglyceridemia, the
correlations between eGFR and TG were not signifi-
cant (all p > 0.05) (Figure 3).

For patients with TG <1.7 mmol/L, the correla-
tions between eGFR and CHOL were not significant
(p > 0.05) except for the second-year time point (r=-
0.166, p =0.03). For patients with hypertriglyceride-
mia, the correlations between eGFR and CHOL were
not significant at all time points (all p > 0.05).



762 Y.-R. PAN ET AL.

Table 1. Demographic and clinical characteristics of the patients.

TG >1.7 mmol/L TG <1.7 mmol/L Zory2 p

Variables (n=20) (n=183) Value value
Age 36 0 (32.0-50.8) 36.0 (32.0-46.0) 0.365 0.72
Male, n (%) 8 (90.0) 132 (72.1) 1.723 0.10
Creatinine, umol/L 73 1 (65.3-82.5) 70 0 (59.0-81.0) 1.077 0.28
LG, n (%) 3 (15.0) 2 (17.5) 0.279 0.78
eGFR,ml/(min-1 .73m2) 106.3 (102.8-122.6) 112 5 (97.0-135.0) 0.645 0.52
eGFR categories,

<90, n (%) 2 (10.0) 9 (15.9) 0.476 0.75

>90, n (%) 18 (90.0) 154 (84.1)
ALT, U/L 184.0 (40.2-555.0) 56 0 (31.7-144.0) 1.956 0.05
HBV DNA, Log;olU/mL 4.6 (3.2-6.6) 2 (3.3-7.0) 0.107 0.92
Cholesterol, mmol/L 4.4 (3.2-5.0) 8 (3.3-4.4) 1.894 0.06
TG, mmol/L 2.2 (1.9-2.6) 9 (0.6-1.1) 7.337 <0.01
ALT normalization rate at the 3rd year, n (%) 16 (80.0) 151 (82.5) 0.279 0.78
Undetectable HBV DNA at the 3rd year, n (%) 19 (95.0) 175 (95.6) 0.129 0.90

Comparison was performed using Mann-Whitney U test or chi-square test. LC:
ALT: alanine aminotransferase.

Total

liver cirrhosis; eGFR: estimated glomerular filtration rate; TG: triglyceride;

TG = 1.7mmol/L (©) TG <1.7mmol/L

W eGFR
= 16

& { — = CHOL

0123 0123 0123 0123 0123 0123 '0123 0123 0123

Year(s) Year(s)

Year(s)

Figure 1. Dynamic changes of eGFR, TG, and CHOL in patients with and without hypertriglyceridemia. (A) total population; (B)
patients with hypertriglyceridemia; (C) patients without hypertriglyceridemia. *, p < 0.05. eGFR, estimated glomerular filtration

rate; TG, triglyceride; CHOL, cholesterol.
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Figure 2. Comparison of eGFR, TG and CHOL between patients with and without hypertriglyceridemia at different timepoints.
eGFR, estimated glomerular filtration rate; TG, triglyceride; CHOL, cholesterol.

Risk factors for eGFR recovery at the third year in
the TG <1.7 mmol/L group

Among the 183 patients without hypertriglyceridemia,
15 patients experienced partial recovery of eGFR in
the third year. Univariate analysis showed that age
and baseline eGFR <90 mL/(min-1.73 m?) were related
to partial recovery of eGFR in the third year, and
multivariate analysis validated that age (OR: 0.886,
95% Cl [0.817-0.960], p<0.01) and baseline eGFR

<90 mL/(min-1.73 m?)(OR: 0.073, 95% CI [0.019-0.284],
p <0.01) were independent risk factors for partial
recovery of eGFR (Table 2).

Discussion

In the present study, we investigated the dynamic
changes of eGFR, CHOL and TG in patients with and
without hypertriglyceridemia during TDF treatment.
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Figure 3. The correlation between eGFR and TG in patients with TG <1.7 mmol/L. eGFR, estimated glomerular filtration rate; TG,

triglyceride; CHOL, cholesterol.

Table 2. Risk factors for partial recovery of eGFR in patients with TG <1.7 mmol/L.

Univariate Multivariate

Baseline variables 0Odds ratio 95% Cl p Odds ratio 95% Cl p
Age 0.874 0.795-0.960 <0.01 0.886 0.817-0.960 <0.01
Sex 1.122 0.266-4.727 0.88

LC 0.343 0.047-2.517 0.29

ALT 1.002 0.999-1.006 0.22

AST 0.999 0.994-1.004 0.76

TG 1.360 0.621-2.976 0.44

Cholesterol 0.712 0.339-1.493 0.37

eGFR <90 ml/(min-1.73m?) 0.089 0.021-0.378 <0.01 0.073 0.019-0.284 <0.01

LC: liver cirrhosis; eGFR: estimated glomerular filtration rate; TG: triglyceride; ALT: alanine aminotransferase; AST: aspartate

aminotransferase.

Fifteen (15/183, 8.2%) patients with normal TG experi-
enced partial recovery of eGFR. Multivariate analysis
showed that age and baseline eGFR <90 mL/(min-1.73
m?) were independent risk factors for eGFR recovery
in the third year. Drug-resistance is a major concern
due to the widespread use of antivirals, and TDF is
one of the first-line agents for treating CHB [4].
Although nephrotoxicity is a potential side effect, data
from the present study suggested that patients may
benefit from TDF in terms of TG regulation.
Interestingly, TG showed no significant relationship

with eGFR in patients with hypertriglyceridemia, while
TG was negatively correlated with eGFR in patients
without hypertriglyceridemia. It has been reported
that TG has a negative relationship with eGFR in chil-
dren and adolescents [11]. Our previous study also
showed that TG negatively correlated with eGFR in
patients without overweight [19]. Decreased eGFR
may result from delayed hepatic clearance of lipopro-
teins during dyslipidemia [20]. Taking together, these
findings suggest that the correlation between TG and
eGFR is complicated, and down-regulation of TG may
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help to prevent renal function deterioration during
TDF treatment. To note, patients with hypertriglyceri-
demia are few in the present study, further studies are
necessary to validate these findings.

Recently, data from a large cohort study showed
that elevated TG and reduced HDL-C levels were asso-
ciated with the onset of advanced chronic kidney dis-
ease (CKD) [21]. In addition, the ratio of TG to HDL-C,
which is associated with insulin resistance [22] and
cardiovascular events, was found to be associated
with the risk of CKD in the Japanese population [23],
while another study showed that elevated TG/HDL-C
was positively correlated with CKD development in
Korean males but not females [24]. It would be more
interesting to investigate the relationship between
TG/HDL ratio and eGFR during TDF treatment. It is a
pity that we did not test HDL in most patients in the
present study, so the TG/HDL ratio as well as its rela-
tionship with eGFR could not be calculated.

In the present study, eGFR was found to be rela-
tively stable in patients with hypertriglyceridemia dur-
ing the 3-year follow-up, and a significant decrease in
TG may have contributed to the stabilization of eGFR.
This important finding suggests that TDF may be
more suitable in patients with hypertriglyceridemia.
Considering that the underlying mechanisms remain
unclear, whether the decrease of eGFR can be allevi-
ated by a combination of TDF and hypolipidemic
drugs, remains unknown. Although TG is a risk factor
for cardiovascular events, but the hypolipidemic drug
is cautiously recommended for patients with underly-
ing liver disease.

Moreover, age and baseline eGFR <90 mL/(min-1.73
m?), but not TG, were independent risk factors for
eGFR recovery in the third year. Notably, another
important finding was that eGFR could partially
recover in patients without hypertriglyceridemia, espe-
cially younger patients. Few patients with baseline
eGFR  <90mL/(min-1.73 m? experienced eGFR
recovery, which may be due to the compensatory
mechanisms of the kidneys. Although TG is not inde-
pendently related to eGFR recovery, it has a negative
relationship with eGFR and it may be an important
indicator to guide the treatment revision. Basic
research studies on TG metabolism are warranted to
reveal the mechanisms of TG decline and its protective
effect on eGFR.

This study had several limitations. First, the mecha-
nisms underlying eGFR recovery and its relationship
with TG remain unknown. Second, the sample size
was relatively small, especially for patients with hyper-
triglyceridemia, and multi-center studies with large

sample size are needed to validate these findings.
Third, fewer patients receiving hypolipidemic drugs
were included, thus the renal protective effects of
hypolipidemic drugs combined with TDF, could not be
analyzed in the present study.

Conclusions

Partial recovery of eGFR was observed in patients
without hypertriglyceridemia during TDF treatment,
and TG regulation might be a useful strategy to hinder
renal function decline, although larger, confirmatory
studies are necessary to validate our findings.
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