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Abstract
Background  The aim of this study was to demonstrate how tenofovir alafenamide (TAF) and other hepatitis B treatment 
drugs differentially impact lipid profiles in chronic hepatitis B patients.
Methods  We searched PubMed, Ovid MEDLINE, EMBASE, and the Cochrane Library to identify studies on the changes in 
cholesterol level in hepatitis B patients who underwent TAF therapy. The changes in lipid profiles (e.g., HDL-c, LDL-c, total 
cholesterol [TC], and triglyceride [TG]) were compared between the TAF treatment group and the baseline, other nucleo-
side analogs (NAs), and tenofovir disoproxil fumarate (TDF)-only treatment groups. In addition, risk factors for worsening 
cholesterol level when treated with TAF were examined.
Results  Twelve studies involving 6,127 patients were selected. After 6 months of TAF treatment, LDL-c, TC, and TG were 
increased by 5.69 mg/dL, 7.89 mg/dL, and 9.25 mg/dL, respectively, from the baseline level. In particular, with the treatment 
of TAF, levels of LDL, TC, and TG rose by 8.71 mg/dL, 18.34 mg/dL, and 13.68 mg/dL, respectively, showing a greater 
deterioration of cholesterol when the TAF treatment was implemented compared to other NAs (e.g., TDF or entecavir). 
When TAF was compared to TDF, LDL-c, TC, and TG worsened with a mean difference of 14.52 mg/dL, 23.72 mg/dL, and 
14.25 mg/dL, respectively. As a result of a meta-regression analysis, risk factors for worsening lipid profiles were found to 
be treatment-experienced, previous diabetes, and hypertension.
Conclusions  TAF continues to worsen lipid profiles including LDL-c, TC, and TG after 6 months of use compared to the 
other NAs.

Keywords  Meta-analysis · Lipid profile · Cholesterol · Tenofovir alafenamide · Tenofovir disoproxil fumarate · Entecavir · 
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Introduction

Chronic hepatitis B (CHB) has a global prevalence of 4.1% 
in all ages and there are approximately 316 million people 
infected with CHB [1]. Over a lifetime, 25% of patients with 
CHB develop hepatocellular carcinoma (HCC), and 4 out of 
100,000 CHB patients die each year due to liver-related dis-
eases [2–5]. To reduce the mortality of CHB, it is important 
to reduce liver inflammation and hepatitis B virus (HBV) 
activity, where antiviral treatment plays a key role [6].

One of the characteristics of HBV is HBV covalently 
closed circular DNA (cccDNA) making it difficult to cure 
CHB. Thus, a realistic goal will be implementing a func-
tional cure that is seroconversion of hepatitis B surface anti-
gen. Similarly, long-term administration of antiviral drugs 
is required for this reason [6]. Recently, as life expectancy 
has increased globally and effective hepatitis B vaccines 
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have been developed, the prevalence of HBV in children is 
decreasing [7]. Therefore, the average age of patients with 
CHB increased, and the duration of antiviral treatment also 
increased. That is, while it was sufficient to focus the treat-
ment only on hepatitis B itself a few decades ago, lately, 
more clinical attention should be paid to accompanying 
comorbidities. In fact, patients with CHB have a higher 
prevalence of non-liver comorbidities such as hyperten-
sion, diabetes, dyslipidemia, chronic kidney disease, and 
osteoporosis compared to normal populations [8]. Since 
antiviral drugs are likely to be taken for a very long time, 
it is important to select antiviral drugs considering these 
comorbidities [9].

Tenofovir's first prodrug, tenofovir disoproxil fumarate 
(TDF) was approved by the Food and Drug Administration 
(FDA) for the treatment of human immunodeficiency virus 
type 1 (HIV-1) infection in 2001 and CHB in 2008. How-
ever, there have been concerns about the deterioration of 
renal function and bone density when using TDF for a long 
time [10]. Since tenofovir alafenamide (TAF) with improved 
bone and renal safety compared to TDF was approved by 
the FDA in 2015, it has been recommended as a first-line 
treatment and its use has been rapidly increasing recently. 
However, problems with the long-term use of TAF have been 
reported in some studies. In HIV-infected patients, switching 
from TDF-based regimens to TAF-based regimens, changes 
in lipid profile, weight gain, and cardiovascular risk were 
reported [11, 12]. In patients with CHB, it was also reported 
that there was an increase in low-density lipoprotein (LDL)-
cholesterol and urinary glucose in the TAF group contrary 
to the TDF group [13]. On the other hand, there were also 
studies in which TAF did not show significant changes in the 
lipid profile compared to other antiviral agents [14].

Despite recommendations for the long-term use of TAF, 
studies on the side effects of TAF are still lacking. Accu-
rate evaluation of the relationship between TAF and lipid 
profile is thought to provide useful clinical information for 
the selection of anti-viral agents for CHB patients with risk 
factors linked to cardiovascular comorbidities. Therefore, 
this study aims to investigate how the lipid profile changes 
with TAF treatment in CHB patients through a systematic 
literature review and meta-analysis.

Methods

The protocol for this review was registered with PROSPERO 
(International Prospective Register of Systematic Reviews, 
CRD42022373486) in advance. This systematic review and 
meta-analysis were performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines and the Meta-analysis of Observa-
tional Studies in Epidemiology (MOOSE) checklist.

Inclusion criteria, exclusion criteria, 
and study outcomes

Randomized controlled trials (RCT) were included. Pro-
spective and retrospective cross-sectional or cohort stud-
ies that reported on the change in lipid profile in adult 
CHB patients (> 19 years) taking TAF were included. We 
included all studies without restrictions on medication 
duration, ethnicity, or country. The exclusion criteria were 
as follows: (i) case reports, (ii) case series of fewer than 
five patients, (iii) review articles, (iv) co-infection with 
HCV or HIV, and (v) studies that do not provide specific 
lipid profile values or provide values in ratios. The study's 
primary outcome was to determine the degree of changes 
in lipid profile following TAF treatment. Changes in lipid 
profile due to TAF were investigated under the following 
two clinical situations: (i) before and after taking TAF in 
the same patient, (ii) between TAF and non-TAF antivi-
ral groups. The study's secondary outcome was to find 
out the risk factors of for changes in total cholesterol or 
LDL-cholesterol by TAF use. We first collected all factors 
related to changes in cholesterol in individual studies, and 
performed meta-regression analysis on items commonly 
mentioned in two or more studies.

Search strategy

The search terms included chronic hepatitis B-related 
index words, cholesterol-related index words, and TAF-
related index words. We searched for synonymous terms 
and used them to develop search strategies. The keywords 
used in the Patient/Problem, Intervention, Comparison, 
and Outcome (PICO) model are shown in the Supplemen-
tary material. We searched Medline (PubMed), EMBASE, 
Cochrane Library databases, Web of Science, and Kore-
aMed using Medical Subject Headings terms to identify 
studies published in English between 1 January 2005 and 
31 July 2022. The search strategies and results of each 
database search are shown in the methods section and Sup-
plementary material. All search processes were conducted 
by a professional librarian (EAJ).

Study selection and data extraction

Two authors independently screened the titles and 
abstracts. Two reviewers (EGH and JJY) independently 
screened full-text articles for study relevance. Any dis-
crepancy between the two reviewers was resolved by SKK 
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after discussion. The two researchers also independently 
performed the risk of bias assessment for all included 
studies. The characteristics and results were extracted and 
recorded in standard form.

Methodological quality and risk of bias 
assessment

We used the Cochrane risk of bias tool [13] for randomized 
trials and the Risk of Bias Assessment tool for Non-ran-
domised Studies (RoBANS) [15] for cohort studies to assess 
the risk of bias. The overall results are shown in the Sup-
plementary material risk of bias section. Any discrepancy 
between the two authors (EGH and YSK) was resolved by 
discussion. Publication bias was assessed using funnel plots 
(Supplementary materials). Publication bias was evaluated 
only when there were three or more integrated studies.

Statistical analysis

We derived the pooled event rate as an outcome of a random-
effects model, utilizing the following methods: i) the Free-
man–Tukey variant of the arcsine square root transformed 
proportion to convert event rates to proportions, and ii) the 
Mantel–Haenszel method to compute the pooled event rate 
by back-transforming the weighted mean of transformed 
event rates. The comparison of lipid profile change in TAF 

and non-TAF antiviral groups was displayed as a mean dif-
ference for continuous variables and as a Freeman–Tukey 
variant for binary variables. Between-study variance estima-
tion was calculated using the DerSimonian–Laird method. 
The comparative results were reported as mean differences 
and 95% confidence intervals. We evaluated inter-study 
heterogeneity using the I2 metric of inconsistency and the 
p value of the Cochran Q test. I2, the ratio of inter-study 
variance to the sum of intra-study and inter-study variance, 
ranges from 0 to 100%. Publication bias was evaluated by 
AS–Thompson’s test. Statistical analyses were performed 
using RevMan 5 (Cochrane Library) or the meta package in 
R (version 4.1.0; R Foundation for Statistical Computing, 
Vienna, Austria).

Results

Characteristics of included studies

Simultaneously screening the title and abstract, we identi-
fied 36 potentially relevant studies. Among them, 24 stud-
ies were excluded for the following reasons: studies without 
TAF prescription (n = 11), difficult to obtain the results of 
TAF alone group (n = 8), Studies in which cholesterol was 
not presented as an outcome (n = 3) and editorial or review 
article (n = 2). As a result, 12 studies were included in the 
meta-analysis (Fig. 1). Information on the enrolled patients 
is presented in Table 1.

Fig. 1   Flow charts of the study
Records identified through 

database searching
(n = 113)

Full-text articles 
assessed for eligibility 

(n = 36)

Studies included in 
meta-analysis

(n = 12)

Removed due to duplication
(n = 0)

Records screened
(n = 113)

Records excluded by specific criteria 
(n = 77)

irrelevant subjects, reviews, case report, 

Abstract only, non-English

Full-text articles excluded
(n = 24)

Studies without TAF prescription (n = 11)

Difficult to obtain the results of TAF alone group (n= 8)

Studies in which cholesterol was not presented as an outcome (n = 3)

Editorial or review article (n = 2)
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As shown in Table 1, all 12 studies were conducted 
mostly in East Asia (n = 9), followed by Turkey and different 
continents. As for study design, the most common type was a 
retrospective cohort study (7 studies), followed by 3 prospec-
tive cohort studies and 2 RCTs. Nine studies compared the 
cholesterol levels of using TAF to other antiviral agents, and 
3 studies reported results for the TAF-only group without a 
control group. There were 3 studies with treatment-naive 
patients, 5 studies with treatment-experienced patients, and 
the remaining 3 studies involved a mixed population. The 
treatment duration of TAF ranged from 6 months to 3 years.

Changes in lipid profile 
before and after using TAF

First, we analyzed the changes in lipid profiles before and 
after using TAF (Table  2). HDL-cholesterol increased 
slightly at 6 months (mean difference + 2.61 mg/dL, 95% CI 
0.38–4.84) and at 12 months (mean difference + 2.49 mg/dL, 
95% CI – 4.55–9.53) of treatment and decreased at 24 months 
(mean difference – 0.57 mg/dL, 95% CI – 7.98–6.84), but 
none of them were statistically significant. On the other 
hand, LDL-cholesterol, total cholesterol (TC), and triglycer-
ide (TG) levels all significantly deteriorated after TAF treat-
ment. The Δ in LDL-cholesterol level increased by 5.69 mg/
dL (95% CI 1.82–9.55) compared to baseline at 6 months 
of treatment, and further increased to 7.10 mg/dL (95% 
CI 0.65–13.55) at the 12 months. The Δ in TC level sig-
nificantly increased to 7.89 mg/dL (95% CI 4.92–10.86) at 
6 months of treatment. The degree of TG elevation increased 
as the duration of TAF administration increased: Δ in TG; 
9.25 mg/dL (95% CI 1.52–16.98) over 6 months, 13.80 mg/
dL (95% CI 2.91–24.69) over 12 months, and 14.94 mg/dL 
(95% CI 5.87–24.00) over 24 months.

Comparing lipid profile changes 
between TAF and other antiviral agents (ETV 
or TDF)

Next, we examined how changes in lipid profiles differed 
when using TAF and other antiviral agents (Table 3). Other 
antiviral agents omitting TAF were entecavir (ETV) and 
TDF. TAF administration significantly increased all HDL-
cholesterol, LDL-cholesterol, TC, and TG compared to 
when other antiviral agents were used. This aggravation of 
the lipid profile was observed from the 6th month of TAF 
administration and continued into the 24th month. Com-
pared with other antiviral drugs, the LDL-cholesterol level 
was 8.71 mg/dL (95% CI 5.77–11.66) higher, the TC level 
was 18.34 mg/dL (95% CI 14.70–21.98) higher, and the TG Ta
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level was 13.68 mg/dL (95% CI 7.63–19.73) higher in the 
TAF group at 6 months of treatment.

As a sub-analysis, we compared the lipid profile changes 
after TAF and TDF treatments (Table 4). Similar to the 

results in Table 3, deterioration of the overall lipid pro-
file was observed in the TAF group. Compared with TDF, 
the LDL-cholesterol level was 14.52  mg/dL (95% CI 
10.95–18.10) higher, the TC level was 23.72 mg/dL (95% 

Table 2   Change in lipid profile 
during TAF treatment (vs. 
baseline)

TAF Tenofovir Alafenamide Fumarate; HDL-cholesterol High-Density Lipoprotein cholesterol; LDL-cho-
lesterol Low-Density Lipoprotein cholesterol

Outcome No. of 
studies

Mean difference 95% CI I2 p for heterogeneity

HDL-cholesterol 6 months 5 2.61 0.38 to 4.84 45 0.12
12 months 4 2.49  – 4.55 to 9.53 100  < 0.01
24 months 3 -0.57  – 7.98 to 6.84 95  < 0.01

LDL-cholesterol 6 months 6 5.69 1.82 to 9.55 83  < 0.01
12 months 4 7.10 0.65 to 13.55 99  < 0.01
24 months 3 5.52  – 1.46 to 12.50 82  < 0.01

Total cholesterol 6 months 7 7.89 4.92 to 10.86 59 0.02
12 months 6 7.97  – 2.70 to 18.64 100  < 0.01
24 months 3 2.60  – 3.55 to 8.74 82  < 0.01

Triglyceride 6 months 6 9.25 1.52 to 16.98 99  < 0.01
12 months 4 13.80 2.91 to 24.69 100  < 0.01
24 months 4 14.94 5.87 to 24.00 100  < 0.01

Table 3   Change in lipid profile 
during TAF treatment (vs. other 
NAs)

TAF Tenofovir Alafenamide Fumarate; NA nucleoside analog; HDL-cholesterol High-Density Lipoprotein 
cholesterol; LDL-cholesterol Low-Density Lipoprotein cholesterol

Outcome No. of 
studies

Mean difference 95% CI I2 p for heterogeneity

HDL-cholesterol 6 months 3 10.28 5.40 to 15.15 100  < 0.01
12 months 3 6.50 6.22 to 6.77 99  < 0.01
24 months 2 8.54 3.54 to 13.54 100  < 0.01

LDL-cholesterol 6 months 4 8.71 5.77 to 11.66 99  < 0.01
12 months 3 9.21 7.24 to 11.18 100  < 0.01
24 months 2 8.81  – 5.29 to 22.91 100  < 0.01

Total cholesterol 6 months 5 18.34 14.70 to 21.98 100  < 0.01
12 months 5 16.28 11.82 to 20.75 100  < 0.01
24 months 2 16.04 2.38 to 29.69 100  < 0.01

Triglyceride 6 months 3 13.68 7.63 to 19.73 99  < 0.01
12 months 2 13.23 12.67 to 13.79 80 0.03
24 months 2 14.25 12.64 to 15.86 91  < 0.01

Table 4   Change in lipid profile 
during TAF treatment (vs. TDF 
only)

TAF Tenofovir Alafenamide Fumarate; TDF Tenofovir Disoproxil Fumarate; HDL-cholesterol High-Den-
sity Lipoprotein cholesterol; LDL-cholesterol Low-Density Lipoprotein cholesterol

Outcome No. of 
studies

Mean difference 95% CI I2 p for heterogeneity

HDL-cholesterol 4 7.93 7.44 to 8.42 99  < 0.01
LDL-cholesterol 4 14.52 10.95 to 18.10 100  < 0.01
Total cholesterol 5 23.72 19.12 to 28.33 100  < 0.01
Triglyceride 2 14.25 12.64 to 15.86 91  < 0.01
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CI 19.12–28.33) higher, and the TG level was 14.25 mg/dL 
(95% CI 12.64–15.86) higher in the TAF group.

Risk factors for cholesterol deterioration 
in patients using TAF

Finally, we performed a meta-regression analysis to find risk 
factors associated with cholesterol deterioration in patients 
with TAF. In our meta-analysis, 9 risk factors were taken 
into account: proportion of treatment-naïve, age, sex, body 
mass index, diabetes, hypertension, prior dyslipidemia, 
liver cirrhosis, and treatment duration (Table 5). First, the 
risk factors that significantly increased the TC level were 
treatment-experienced (β coefficient – 0.145, 95% CI – 0.183 
to – 0.107, p < 0.001), male (β coefficient 0.348, 95% CI 
0.199–0.497, p < 0.001), low body mass index (β coef-
ficient  – 3.236, 95% CI -6.371 to – 0.101, p = 0.043), pre-
vious diabetes (β coefficient 0.918, 95% CI 0.343–1.493, 
p = 0.001), hypertension (β coefficient 0.353, 95% CI 
0.067–0.639, p = 0.015), and past history of dyslipidemia 
(β coefficient 0.661, 95% CI 0.364–0.958, p < 0.001). On the 
other hand, risk factors for increased LDL-cholesterol were 
treatment-experienced (β coefficient  – 0.084, 95% CI – 0.132 
to -0.036, p < 0.001), old age (β coefficient 0.449, 95% CI 
0.122–0.775, p = 0.007), diabetes (β coefficient 1.338, 95% 
CI 0.752–1.924, p < 0.001), hypertension (β coefficient 
0.365, 95% CI 0.111–0.618, p = 0.004), and pre-cirrhosis 
(β coefficient – 0.279, 95% CI – 0.476 to -0.082, p = 0.005).

Discussion

Through this meta-analysis, our study provided information 
about (i) changes in lipid profiles after TAF treatment, (ii) 
contrasting dyslipidemia conditions after the TAF and other 
antiviral treatments, and (iii) risk factors for TAF-induced 

cholesterol deterioration. As metabolic risk is associated 
with long-term mortality of CHB patients, we recognized 
the risk of dyslipidemia despite the clinical usefulness of 
TAF for renal and bone safety. Therefore, it is crucial to 
evaluate the risk of cholesterol deterioration when TAF is 
administered to patients with CHB.

Metabolic factors such as dyslipidemia can aggravate 
fibrosis and increase the risk of HCC in patients with CHB, 
so appropriate clinical attention is necessary [16, 17]. This 
is especially true, because the number of CHB patients with 
metabolic risks, for instance, fatty liver, is increasing. In 
line with this trend, the use of statin, a treatment for dyslipi-
demia, is gradually increasing in patients with CHB.

The effect of TAF on lipid profile has been reported 
mainly in HIV patients. TAF has been used since 2001 in 
patients with HIV, which is about 7 years earlier than it 
started being used in CHB patients. Based on the results of 
studies involving patients with HIV, the long-term effects 
of TAF use in patients with CHB B could be speculated in 
advance.

Similar to patients with HIV, TAF was excellent in 
terms of efficacy in HBV patients and had the advantage 
of improving bone and renal safety, but reports of aggrava-
tion of dyslipidemia still remained [18, 19]. When switching 
the HIV treatments from a TDF-containing regimen to a 
TAF-containing regimen, TC was reported to decrease by 
36 mg/dL, and LDL-cholesterol by about 20 mg/dL [20]. 
This lipid profile deterioration was reported equally in both 
Eastern and Western countries irrespective of race and the 
deterioration persisted over the first 9–12 months after TAF 
administration [21]. Accordingly, in real-world practice, the 
lipid-lowering agent implementation increased by more than 
two times after switching from the TDF regimen to the TAF 
regimen (TDF 4.7%, TAF 11.9%) [22]. Since the lipid profile 
is closely related to CVD risk, there is also a result that the 
CVD risk increased from 20 to 31% after the TDF-to-TAF 
switch [23]. Among various lipid profiles, TAF was reported 

Table 5   Meta-regression analysis of risk factors for cholesterol deterioration in the TAF use group

BMI, Body Mass Index; LDL-cholesterol, Low-Density Lipoprotein cholesterol

Variable Δ Total cholesterol Δ LDL-cholesterol

Coefficient (95% CI) p value Coefficient (95% CI) p value

Proportion of treatment-naïve (%) – 0.145  – 0.183 to -0.107) < 0.001 – 0.084 (– 0.132 to  – 0.036)  < 0.001
Age 0.173 (– 0.219 to 0.565) 0.386 0.449 (0.122 to 0.775) 0.007
Male (%) 0.348 (0.199 to 0.497)  < 0.001 0.045 (– 0.205 to 0.297) 0.722
BMI (kg/m2) – 3.236 (– 6.371 to  – 0.101) 0.043  – 1.464 (– 4.193 to 1.264) 0.293
Diabetes (%) 0.918 (0.343 to 1.493) 0.001 1.338 (0.752 to 1.924) < 0.001
Hypertension (%) 0.353 (0.067 to 0.639) 0.015 0.365 (0.111 to 0.618) 0.004
Prior dyslipidemia (%) 0.661 (0.364 to 0.958)  < 0.001 0.031 (– 0.298 to 0.361) 0.852
Proportion of liver cirrhosis (%) 0.094 (– 0.0391 to 0.227) 0.165  – 0.279 (– 0.476 to -0.082) 0.005
Treatment duration (months) – 0.204 (– 0.630 to 0.222) 0.348  – 0.007 (– 0.289 to 0.274) 0.958
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to increase TC or TG [21]; however, according to our study, 
it was related to the aggravation of all lipid profiles includ-
ing LDL-cholesterol. In particular, the bigger probability of 
dyslipidemia exacerbation in patients with higher baseline 
TC or TG is consistent with our analysis [24].

While it has been uniformly reported that TAF aggra-
vates dyslipidemia in HIV patients, the impact of TAF on 
the lipid profile in patients with CHB slightly differs across 
studies. So far, there are more reports that TAF deteriorates 
lipid profile than those that assert TAF is lipid-neutral. It has 
been reported that taking TAF for 6–12 months increased 
dyslipidemia in patients with CHB from 33 to 39%, and 
especially severe dyslipidemia from 1.4 to 5.8% [22]. In 
particular, compared to TDF, the risk of dyslipidemia using 
TAF is more emphasized. TDF had the effect of lowering 
TC by about 20 mg/dL or more in contrast to TAF [14] in 
agreement with our results. On that account, some suggested 
that TAF does not exacerbate lipid profile, but rather, TDF 
has a protective role [25]. In fact, the results of propensity 
score matching studies showed that the TAF treatment did 
not degenerate the lipid profile compared to non-infected 
control or inactive CHB, but worsened the lipid profile when 
compared to the TDF treatment [14]. In addition, the result 
that TDF was more advantageous in terms of lipid profile 
compared to ETV could be the basis for the lipid protective 
effect of TDF [26]. We observed the deterioration of the 
lipid profile in both situations, where we compared before 
and after the use of TAF and also compared TAF with other 
antiviral agents. Hence, it can be inferred that TAF alone 
worsens the lipid profile and that TDF, on the other hand, 
has a protective effect.

The mechanism of why TAF treatment has a less favora-
ble effect on the lipid profile has not been precisely eluci-
dated. From the results of the study, two hypotheses can be 
proposed. The first is that the use of TAF causes weight gain 
and affects the exacerbation of metabolic factors. In patients 
with HIV, a weight gain in the TAF regimen was observed 
immediately after switching to TAF according to research 
from both the East and West [27, 28]. Since weight gain can 
lead to exacerbation of dyslipidemia and metabolic disease, 
TAF use may be associated with exacerbation of dyslipi-
demia. However, only a few studies involving CHB patients 
report weight change, so it was difficult to analyze the link 
between the TAF treatment and weight gain. The second 
hypothesis is that TDF can improve the lipid profile, because 
it has a much higher plasma active ingredient tenofovir 
(TFV) [29, 30]. Moreover, in an in vitro study, TDF showed 
the effect of suppressing hepatocyte supernatant choles-
terol by activating Peroxisome proliferator-activated recep-
tor alpha (PPAR-α) [31]. Activation of PPAR-α-mediated 
signaling leads to activation of PPAR-α target genes, carni-
tine palmitoyltransferase 1, and CD36 [32]. Among them, 
hepatic CD36 uptakes oxidized low-density lipoproteins, 

high density lipoproteins, and free fatty acids, so the use of 
TDF may lead to lipid-protective results [33–35]. However, 
the mechanism has not yet been clearly identified in vivo or 
in humans, so further research is needed.

There is a lack of results on the long-term clinical impact 
of TAF on the worsening of the lipid profile which makes 
it hard to conclude whether it should be actively used. As 
it takes a long time to develop CVD, reports on the CVD 
risk associated with long-term use of TAF are also lacking. 
However, there is one study that showed the deterioration of 
the lipid profile after the TAF treatment was not observed in 
patients who were already taking a statin [36]. Statin use was 
recently shown to be associated with long-term prognoses, 
such as incidence of liver cirrhosis and HCC in patients with 
CHB [37–39]; thus, we can expect some articles about the 
TAF and statin combination in the future. Another way to 
find out the effect of long-term use of TAF on cholesterol 
level in patients with chronic hepatitis B is to refer to the 
results of long-term use of TAF in HIV patients. Previously, 
we mentioned that TAF use promotes dyslipidemia in HIV 
patients, but these were mostly short-term studies. In 2022, 
Gilbert et al. published data after using TAF for an average 
of 3.6 years in HIV patients [40]. In the long-term use group 
of TAF, total cholesterol, LDL-C, HDL-C, and TG changes 
tended to be rather low at − 2.5, − 0.1, − 0.6, and − 9 mmol/L, 
respectively [40]. Although there are still insufficient data on 
long-term use of TAF in hepatitis B patients, it is possible 
that a similar pattern will be observed in chronic hepatitis 
B patients.

Finally, in our study, we found that cholesterol deteriora-
tion by TAF was more severe in the group with risk factors. 
Although the risk factors for deterioration in total cholesterol 
and risk factors for deterioration in LDL-cholesterol were 
slightly different, the following three factors were common: 
treatment-experience, diabetes and hypertension. In the case 
of diabetes and hypertension, it is already well-known as a 
risk factor for dyslipidemia, and this applies equally to the 
group using TAF. On the other hand, the mechanism for why 
treatment-experienced patients' cholesterol is worsened by 
TAF is not yet known [41, 42]. Additional studies are needed 
in the long term, but careful clinical observation is needed 
when changing from TDF or entecavir to TAF.

This study has several limitations. First, there may have 
been selection bias, because only the studies that accu-
rately presented cholesterol levels were selected. Second, 
since the follow-up period did not exceed 24 months, it 
was challenging to provide information on how long the 
change in lipid profile lasts after the TAF treatment. Third, 
many of the selected studies were conducted in East Asia. 
When initially searching for studies, we included all stud-
ies without restrictions on medication duration, ethnicity, 
or country. There have been TAF studies targeting Cau-
casian patients, but cholesterol was not presented as an 
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outcome in most Western studies. Even when informa-
tion on cholesterol was presented, it was often presented 
only with the proportion of patients whose cholesterol 
worsened, for example, with an LDL-C of 300 mg/dL or 
more, rather than with an exact value [43]. These stud-
ies were excluded, because they were difficult to integrate 
into meta-analysis, and as a result, most of the studies in 
which cholesterol levels were well-presented were East 
Asian studies, even though there was no restriction on 
race. It is possible that Western researchers have paid lit-
tle clinical attention to cholesterol changes caused by TAF. 
Last, short-term studies within 3 years of taking TAF were 
mainly selected. As mentioned earlier, we did not place 
any restrictions on the duration of medication and did not 
intentionally exclude longer term studies. However, since 
TAF was approved by the U.S. Food and Drug Administra-
tion in November 2016 and marketed in earnest after 2017 
or 2018, the number of studies on long-term use itself was 
small, so it seems that short-term studies were selected.

In conclusion, a significant deterioration in lipid profile, 
which may have clinical implications, was observed when 
TAF was administered for more than 6 months to CHB 
patients. Therefore, it seems that the lipid-negative effect 
of TAF should be fully considered when selecting antiviral 
agents to care for CHB patients at risk of CVD. In addi-
tion, clinicians should pay attention to lipid management 
and educate patients on appropriate lifestyle modification 
when using TAF.
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