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Abstract

Background: Non-alcoholic fatty liver disease is prevalent in HIV-infected patients and dyslipidemia is the main cause of long-term toxicities of
current antiretroviral therapy (ART). Tenofovir disoproxil fumarate (TDF) is a commonest antiretroviral of ART. It has been reported to have lipid-
lowering effects.

Objectives: In this study, the influences of the lipid-lowering effects of TDF on fatty liver, liver function profiles and renal toxicity were further
investigated in mono-HIV-infected patients during long-term ART up to five years.

Methods: 115 and 38 HIV-infected, ART-naive patients who respectively received TDF- and zidovudine (AZT)-based regimens for 5 years were
enrolled. The differences in lipid profiles, liver functions and renal toxicity between those two groups of patients and the correlations among these
observed indicators were retrospectively analyzed.

Results: After 5 years of ART, no increase in plasma triglyceride (TG) and only moderate increase in total cholesterol (TC) were found in TDF
group. As for plasma TG and TC, the increments in the fifth year and the level changes over time in TDF group were all much less serious than
those in AZT group. The new occurrence rates of hypercholesterolemia, fatty liver and abnormality of alanine aminotransferase (ALT) were
significantly lower in TDF group. The mean estimated glomerular filtration rate (¢€GFR) was comparable between two groups except 4 patients who
were excluded due to renal toxicity in TDF group. The further analyses showed that there were close correlations between TG and BMI, BMI and
ALT, TC and ALT, and TC and AST, but no correlations between eGFR and TG or TC in patients treated with TDF-based regimen.

Conclusion: The lipid-lowering effect of TDF had moderate protective effects on liver functions via reducing liver fat. In the era of tenofovir
alafenamide fumarate and integrase inhibitors, TDF-based regimens may remain to be the first choice for young HIV-infection patients with
dyslipidemia, fatty liver and obesity.
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dysfunction and dyslipidemia, which are contributed by both HIV infection itself

Introduction and ART [9,13].

Tenofovir disoproxil fumarate (TDF), an ester prodrug of tenofovir, is the
first-line antiviral drug recommended by most guidelines and World Health
Organization (WHO) [14,15]. Recently, tenofovir alafenamide fumarate (TAF),
a phosphonate prodrug of tenofovir is under consideration to replace TDF
[16,17]. Among common antiretrovirals (ARVs) including TAF and integrase
inhibitor dolutegravir (DTG), TDF is the only one that has been evidenced to
be favorable for lipid metabolism in HIV-infected patients. TDF-based regimen,
compared with non-TDF one, had lower risks of hypertriglyceridemia and
hypercholesterolemia in HIV-infected patients after two years of treatment
[18]. Compared with TAF-treated group, TDF- treated patients are significantly
less great in weight gain and in increases in lipids [19,20]. The switching from
TDF-based to TAF based or non-tenofovir regimens is correlated with weight
gain [21], or the low-density lipoprotein (LDL), high-density lipoprotein (HDL),
and total cholesterol (TC) levels significantly increase three months after the
switching [22]. In contrast, the switching back or TDF addition can significantly
*Address for Correspondence: Prof. Xiao M. Peng, Center of Infectious improve_the Iipid profiles rapi(_ily [23-2_5_]. Of course, TDF also improve the lipid
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The number of human immunodeficiency virus (HIV)-infected patients is
rapidly increasing. The global number of individuals living with AIDS (acquired
immune deficiency syndrome)/HIV increased up to 37.9 million by the end of
2018 [1]. Antiretroviral therapy (ART) has significantly increased the survival
rate and life span of those patients [2,3]. However, long-term use of ART is
correlated with side effects and non-AlDS-related comorbidities such as
dyslipidemia and cardiovascular, kidney or liver diseases [4-6]. Dyslipidemia,
hypertriglyceridemia and/or hypercholesterolemia, is very common in patients
receiving ART, which is closely associated with hepatic steatosis [6], and
the outcome of severe cardiovascular disease (CVD) [7-9]. In addition, non-
alcoholic fatty liver disease (NAFLD) is significant with a prevalence of up
to 50% in HIV-infected patients [10]. NAFLD may progress to non-alcoholic
steatohepatitis (NASH), fibrosis, and even end-stage liver disease [11,12].
The main drivers of fatty liver seem to be insulin resistance, mitochondrial

Besides dyslipidemia, impaired liver function is also a common (48.1%)
adverse event of ART [5]. Compared with other common ARVs, TDF in spite
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or NAFLD/NASH, especially in long-term therapy. On the other hand, long-
term use of TDF has potential renal toxicity, including proximal renal tubular
lesions and bone density reduction [29,30]. Compare with TDF, TAF has better
viral suppression rate and renal safety [17,31,32]. However, TDF with boosters
other than ritonavir (RTV) or cobicistat (COBI) has similar viral suppression rate
and renal safety to TAF, implying that the health economic value of TAF versus
low-cost generic TDF may be limited when these drugs are used without RTV
or COBI [17]. Therefore, in the era of TAF and integrase inhibitors and the face
of increasing number of NAFLD in HIV-infected patients, it is difficult to decide
whether TDF should be insisted or given up due to its orphan advantage in lipid
metabolism and outstanding safety concerns, especially in moderate-income
areas where either renal toxicity or dyslipidemia can been minimized by kidney
function monitoring or prescription of lipid-lowing drugs.

In order to provide more bases for decision making about TDF, we further
respectively analyzed, i) Whether the advantage in lipid metabolism of TDF
leads to benefits for fatty liver and liver function profiles; ii) Whether the
advantage in lipid metabolism is independent on renal toxicity, based on a
long-term follow-up cohort of 153 mono-HIV-infected patients receiving TDF-
and Zidovudine (AZT)-based regimes.

Materials and Methods

Subjects and study design

A total of 204 mono-HIV-1-infected patients who firstly started ART in
the Love Outpatient Department of The Fifth Affiliated Hospital of Sun Yat-
sen University were enrolled from January 2012 to May 2015. All patients
met the diagnostic criteria of AIDS Diagnosis and Treatment Guidelines. The
age was limited from 18 to 45 years old in order to minimize the influences
of age or aging-related lipid metabolism disorders on the evaluations of TDF
advantages in lipid metabolism. At enrollment, patients with acute infections,
severe cardiopulmonary or liver and kidney dysfunctions, serious mental and
neurological diseases, drug allergy, and pregnant and lactating women were
excluded. During ART, treatment with lipid-lowering agents and switching to
other ART regimen due to renal toxicity were registered in medical records. All
patients were followed up in the love outpatient department of our hospital with
an interval of 3-6 months. All patients had signed the informed consent. This
study has been approved by the ethics committee of the Fifth Affiliated Hospital
of Sun Yat-sen University.

Data collection

Demographic and baseline clinical data of all patients were obtained
by reviewing the electronic case system. The occurrences of diabetes and
hypertension, the usages of lipid-lowering drugs, CD4+ T cell count, serum
creatinine (Cr), glomerular filtration rate (eGFR), TC, triglycerides (TG), alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and liver controlled
attenuation parameter (CAP) were collected 0, 0.5, 1, 2, 3, 4 and 5 years from
the onset of ART. Hypercholesterolemia and hypertriglyceridemia were defined
as TC > 5.2 mmol/L and TG > 1.7 mmol/L [33]. The CAP showed as dB/M.
CAP > 240 dB/M was defined as fatty liver. The eGFR was calculated using
MDRD modified formula [34]. Renal dysfunction was divided into mild (60-90),
moderate (30-60) and severe (< 30 mL x min * x 1.73 m2) types according to
eGFR [22].

Data analysis

Continuous variables were expressed as Mean + SD, while categorical
variables are described by numbers and percentages. Paired t-test or T-test
was used to analyze normal continuous variables, and Mann-Whitney U test
was used for comparison of non-normal data. The differences between two
groups were compared by ANOVA using repeated measurement design. The
correlation analyses were conducted by Spearman rank sum test. The logistic
regression test was used to analyze the risk factors for lipids, liver and renal
profiles among TDF group of patients. Factors with significant associations (P
<0.10) in the univariate analysis were included in multivariate analysis. The
influences of drugs (TDF vs AZT) on CAP were evaluated by matching the
duration of ART. Statistical significance was defined by a conventional P value
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of 0.05 (two-tailed). SPSS 25.0 (StataCorp, College Station, TX, USA) was
used for all data statistical analysis. Graphics was built by using GraphPad
Prism 6.0 software (GraphPad Software Inc. San Diego, CA, USA).

Results

Baseline characteristics of study populations

The flow diagram of patients throughout the course of the study was
shown in Figure 1A. A total of 204 mono-HIV-infected patients were initially
enrolled. The selection of ART regimens was made based on clinical criteria
and recommendations of the national clinical practice guidelines at that time
of enroliment. TDF was recommended as a first-line drug by WHO guideline
in 2011, but was not recommended by Chinese guideline until 2015. During
the specific time window, 51 patients selected AZT-based and 153 patients
selected TDF-based regimens (Figure 1B), which provided a chance to
evaluate the superiority of TDF-based regimen over AZT-based regimen in
lipid metabolism. Thirty-two patients were excluded for final analysis due to
loss to follow-up and incomplete data. Twelve patients were excluded due to
opportunistic infections. Seven patients were switched to other ART regimens.
Among them, 4 patients were due to eGFR below 60 ml x min 1x 1.73 m? a
diagnostic criterion of CKD as reported [29]. The distribution of invalid cases
between the regimen groups was not significantly different (Figure 1A). A total
of 153 valid patients, 115 patients treated with TDF-based regimen (TDF group)
and 38 patients treated with AZT-based regimen (AZT group), were included
for further analyses in the study. The demographic and baseline clinical data
were summarized in Table 1. All indicators including the uses of lipid-lowing
drugs were of no difference between TDF and AZT groups.

Virological and immunological responses

After 5 years of ART, the HIV RNA level in 94.8% (145/153) of patients
was below the lower limit of detection. No significant difference in virological
response was found between TDF and AZT groups. CD4+ T cell count
significantly increased from 276.00+138.35 to 519.41+142.12 (P <0.05) in
TDF group and from 271.41+88.35 to 594.50+146.56 (P <0.05) in the AZT
group. The CD4+ T cell counts of last follow up were slightly lower in TDF
group than those in AZT group (519.41+142.12 vs 594.50+146.56, P <0.05).

Changes in serum lipids and liver fat CAP

The levels of TG and TC between baseline and the fifth year during ART
in TDF and AZT groups were shown in Table 2. The TG level only in AZT
group, but the TC levels in both groups significantly increased after 5 years
of ART. The increments in TDF group were much smaller than those in AZT
group in both TG (0.19+1.47 VS 1.52+2.66, P<0.001) and TC (0.40+0.87
VS 0.95+1.51, P <0.05). Compared with baseline, ART for five years had
more hypercholesterolemia, but similar hypertriglyceridemia in both groups
(Table 2). As for their changes over time during ART, the TG level from the
first year (Figure 2A) and the TC level in the third and fifth years (Figure 2B)
in TDF group were significantly lower than those in AZT group. Compared
with AZT group, TDF group had a significant lower new occurrence rate of
hypercholesterolemia, but the rate of hypertriglyceridemia decreased without
statistical significance (Figure 2C). The prevalence of fatty liver in the fifth year
in TDF-group was lower than that in AZT-group after excluded fat liver patients
at baseline (Figure 2C). Since the FibroTouch test was not available until
September 2016, we only obtained complete liver fat CAP data of last three
years from 110 patients. Liver fat CAP between the third year and the fifth year
during ART in both groups was not significant (Table 2), but the CAP in the first
3.5 years in TDF group significantly lower than that in AZT (Figure 2D).

Changes in liver and renal functions

The levels of ALT and AST between baseline and the fifth year during
ART in TDF and AZT groups were shown in Table 2. ALT levels increased in
both groups, but only the increase in TDF group was significant even though
its average was lower than that in AZT group and the abnormal rates of both
ALT and AST were similar in these two groups (Table 2). As for their changes
over time during ART, there was no significant difference in ALT and AST levels
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ART-naive patients (n=204)
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Exclusion criteria v ! P value
Loss to follow up 7 18 0.712
Incomplete data 2 5 0.824
Opportunistic infections 3 9 0.655
Switch due to renal dysfunction 0 4 0.178
Switch due to other causes 1 2 0.732
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Figure 1. Patient managements. ATR, antiretroviral therapy; AZT, Zidovudine; TDF: Tenofovir Disoproxil Fumarate. (A) The flow diagram of patients throughout the course of the study.
(B) The distributions of ART start and end times of patients (Red, TDF; Blue, AZT) and the relationships between regimen selections and major guidelines.

between the TDF and AZT groups. However, the prevalence of abnormal ALT
in TDF group was lower than that in AZT group after excluded those patients
with abnormal ALT at baseline (Figure 3C). The levels of eGFR between
baseline and the fifth year during ART in TDF and AZT groups were shown
in Table 2. The eGFR did not decrease as expected. In contrast, it increased
in both groups and the increase in TDF group was significant. Except for 4
patients in TDF group who were excluded due to eGFR below 60 ml x min 1x
1.73 m?, no cases with serious renal dysfunction occurred in both groups. In
addition, the prevalence of eGFR below 60 ml x min * x 1.73 m? was similar
(Figure 3C), and there were no significant difference at any time point between
those two groups (Figure 3D).
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Correlation and risk factor analyses of lipid, liver and re-
nal profiles with general clinical data in patients treated
with TDF-based regimen

The correlation analyses of lipid, liver and renal profiles with general data
in patients treated with TDF-based regimen based on the data of 5 years of
ART were shown in Figure 4. TG was positively correlated with BMI and CD4+
T cell counts, while TC was only positively correlated with CD4+ T cell counts.
The risk factor analyses of hypertriglyceridemia and hypercholesterolemia also
showed that it was hypertriglyceridemia that was marginally correlated BMI
(Tables S1 and S2). The CD4+T cell counts, however, were associated with
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Table 1. Baseline characteristics and uses of lipid lowing drugs in 153 patients enrolled for analyses in this study (Mean + SD/ n (%)).

Indicators AZT group (n=38) TDF group (n=115) P value
Age (years) 322+7.6 32.6 £ 6.7 0.398
Sex
Male 33 (86.8) 106 (92.2) 0.323
Female 5(13.2) 9(7.8)
Marriage
Unmarried 20 (52.68) 72 (62.6) 0.072
Married 10 (26.3) 30(26.1)
Divorced 6 (15.8) 13(113)
Death of a spouse 2 (5.3) 0
Transmission route
Intravenous drug use 0 2(17) 0.398
MSM 29 (76.3) 95 (82.6)
Heterosexual 9(23.7) 18 (15.7)
Diabetes
Yes 1(2.6) 4 (3.5) 0.799
No 37(97.4) 111 (96.5)
Hypertension
Yes 2(7.9) 3(5.2) 0.425
No 36 (92.1) 112 (94.8)
Dyslipidemia
Hyper-TG 9(23.7) 35(30.4) 0.425
Hyper-TC 1(2.6) 13 (11.3) 0.108
TG (mmol/L) 152 +1.08 1.65+1.25 0.550
TC (mmol/L) 4.05 +0.80 416 + 0.84 0.480
Height (cm) 170.7 £ 6.80 169.8 + 5.70 0.624
Height (cm) 170.4 + 7.58 169.9£5.71 0.624
BMI 22.35 + 2.48 2140+ 271 0.058
CD4+ T cell (cells/uL) 271.4 + 88.4 276.0 + 138.4 0.813
eGFR(ml*min 1*1.73 m?) 110.0 £ 215 106.2 + 20.2 0.321
ALT(UIL) 28.8+18.9 23.6 + 14.7 0.080
AST (UIL) 265+ 114 249 +10.8 0.449
Lipid-lowing drugs
Statins 0 2 (15.4) 0.696
Fibrates 1(11.1) 8(22.9) 0.514

SD: Standard Deviation; BMI: Body Mass Index; eGFR: Estimated Glomerular Filtration Rate; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; TG: Triglyceride; TC:
Total Cholesterol; Hyper-TG: Hypertriglyceridemia; Hyper-TC: Hypercholesterolemia.

Table 2. Changes in lipid, liver and kidney profiles after 5 years of ART in HIV-infected patients (Mean + SD/ n (%))

i AZT group (n=38) TDF group (n=115)
Indicators - .
Baseline 5 years P value Baseline 5 years P value
TG 152 +1.08 3.04+271 0.001 165+1.25 1.84+1.10 0.17
TC 4.05 + 0.80 5.01+1.48 <0.001 416 +0.84 4.56 + 0.83 <0.001
Hyper-TG 9(23.7) 16 (42.1) 0.087 35(30.4) 43 (37.4) 0.265
Hyper-TC 1(2.6) 14 (36.8) <0.001 13 (11.3) 25(21.7) 0.033
CAP* 2411 +19.6 236.7 + 24.2 0.264 237.6 +19.7 233.6 + 30.4 0.153
Fatty Liver 8(21.4) 16 (42.1) 0.086 28 (24.4) 29 (25.2) 0.857
ALT 28.8 +£18.9 34.8+219 0.16 23.6 £ 14.7 30.9+149 <0.001
AST 26.5 +11.4 274 +17.3 0.769 24.9 +10.8 26.6 + 8.83 0.192
Abnormal ALT 7(18.4) 10 (25.8) 0.943 9(7.8) 10 (8.7) 0.737
Abnormal AST 4(10.5) 5(12.9) 0.759 7(6.1) 13(11.3) 0.184
eGFR 110.0+ 215 17.2+213 0.019 106.2 + 20.2 133 +217 <0.001
Abnormal eGFR 8(21.1) 5(13.2) 0.221 22(19.1) 13(11.3) 0.125

* Data in the third year were served as baseline; AZT, Zidovudine; TDF: Tenofovir Disoproxil Fumarate; TG: Triglycerides (mmol/L); TC: Total Cholesterol (mmol/L); Hyper-TG:
Hypertriglyceridemia; Hyper-TC: Hypercholesterolemia; CAP: Controlled Attenuation Parameter; ALT: Alanine Aminotransferase (U/L); AST: Aspartate Aminotransferase (U/L); eGFR:
Estimated Glomerular Filtration Rate (ml x min 1x 1.73 m?).

neither hypertriglyceridemia nor hypercholesterolemia. ALT was significantly eGFR was only negatively correlated with age in those patients treated with
correlated with sex, transmission routine, BMI and blood glucose, while AST TDF-based regimen (Figure 4).
was correlated with blood glucose and CD4+ T cell counts (Figure 4). The
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Figure 2. Changes in serum lipids and liver fat CAP. AZT, Zidovudine; TDF: Tenofovir Disoproxil Fumarate; TG: Triglycerides; TC: Total Cholesterol; Hyper-TG: Hypertriglyceridemia;
Hyper-TC: Hypercholesterolemia. CAP: Controlled Attenuation Parameter. *P<0.05. TG (A) and TC (B) level changes over 5 years of ART in AZT and TDF groups. (C) New recurrence
rate of hypertriglyceridemia, hypercholesteremia and fatty liver after 5 ART. (D) Mean CAP changes over last 3 years of ART in AZT and TDF groups.
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Figure 3. Changes in liver and renal functions. AZT, Zidovudine; TDF: Tenofovir Disoproxil Fumarate; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase;
eGFR: Estimated Glomerular Filtration Rate. *P<0.05. ALT (A) and AST (B) level changes over 5 years of ART in AZT and TDF groups. (C) New recurrence rate of abnormal
ALT (>50 U/L), AST (>40 U/L) and eGFR (>90 ml*min 1*1.73m?) after 5 ART. (D) Mean CAP eGFR over 5 years of ART in AZT and TDF groups.
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. . Correlation P
Variable By variable coefficient value -4 -2 0 2 4
TG Age 010 923 : : : ’
TG Sex -.109 284
TG Marriage .043 678
TG Transmission route 115 259
TG BMI 285 .004
TG Glucose .048 .636
TG CD4+ T cell count 284 .021
TC Age .198 051
TC Sex .053 .602
TC Marriage .055 .590
TC Transmission route .089 383
TC BMI .139 171
TC Glucose -.065 527
TC CD4+ T cell count 270 .028
ALT Age .034 738
ALT Sex -273 .006
ALT Marriage -.152 136
ALT Transmission route -.250 .013
ALT BMI 235 .020
ALT Glucose 262 .009
ALT CD4+ T cell count .019 .879
AST Age 173 .089
AST Sex -.162 1138
AST Marriage .020 .848
AST Transmission route -.011 919
AST BMI .188 .066
AST Glucose 262 .009
AST CD4+ T cell count 263 .035
eGFR Age -.360 .000
eGFR Sex 155 .139
eGFR Marriage -.015 .890
eGFR Transmission route .083 434
eGFR BMI -.018 .868
eGFR Glucose .015 .885
eGFR CD4+ T cell count .081 528

Figure 4. Correlation analyses of lipid, liver and renal profiles with general clinical data in TDF group. TG: Triglycerides; TC: Total Cholesterol; ALT: Alanine Aminotransferase; AST:
Aspartate Aminotransferase; eGFR: Estimated Glomerular Filtration Rate; BMI: Body Mass Index. Red characters indicate statistical significances; blue characters indicate marginal

significances.

Influences of TDF-related lipid changes on liver and re-
nal functions

The above correlation analyses showed that ALT and TG had a co-
associated factor BMI, and AST and TC had a co-associated factor CD4+ T
cell count (Figure 4), but neither TG nor TC and eGFR had any co-associated
factors. These results suggest that the TDF-related lipid changes may
influence the liver rather than the renal functions. To confirm this possibility,
we conducted correlation analyses of TG and TC levels with the liver and

Page 6 of 9

renal function profiles in TDF group of patients. Both ALT and AST levels were
not correlated with TG level (Figures 5A and 5B), but significantly positively
correlated with TC level (Figures 5C and 5D). The eGFR level was correlated
with neither TG nor TC levels (Figures 5E and 5F).

Discussion

Current ART are less toxic and more effective than those regimens used in
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the early years. Lipodistrophy and dyslipidemia are the main causes of long-term
toxicities [7]. Worse, the impact of NAFLD is significant with a prevalence of up
to 50% in HIV-infected patients [10]. Fortunately, the commonest ART agent,
TDF, has been confirmed to be favorable for lipid metabolism. In this study, no
increase in TG and moderate increase in TC were found in TDF group. The
increments and level changes over time were much less serious than those in
AZT group during 5 years of ART. The advantage of TDF in lipid metabolism
was accompanied by lower new occurrence rates of hypercholesterolemia,
fatty liver and abnormality of ALT. The correlation analyses further showed that
there were close correlations between TG and BMI, BMI and ALT, TC and
ALT, and TC and AST, but no correlations between eGFR and TG or TC in
patients treated with TDF-based regimen. These results imply that the TDF-
related lipid-lowering effects that are unrelated with its intrinsic renal toxicity
have protective effects on liver functions. Together with its potential protective
effects on CVDs [7-9], this study suggests that TDF-containing regimens have
some advantages in avoidance of dyslipidemia as long as few victims of renal
toxicity are screened out.

Dyslipidemia is prevalent in HIV-infected patients. It can be caused by
either ART or HIV infection itself [7,10,18,35], perhaps via insulin resistance
and mitochondrial dysfunction. HIV-related immune activation is associated
with insulin resistance. The early-generation nucleoside reverse transcriptase
inhibitors and protease inhibitors often cause insulin resistance and
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mitochondrial dysfunction [7,10]. Integrase inhibitors are thought to have a
minimal impact on lipids profile, but switching from TDF-based regimen to
DTG regimen (TDF-free) results in weight gain [36]. Among current ARTs
including another prodrug of tenofovir (TAF), TDF is the only drug that has
the characteristics of lowering lipid. In this study, no increase in TG, smaller
increase in TC, and lower new occurrence rates of hypercholesterolemia
and fatty liver were found in TDF group when compared with those in AZT-
based regimen during 5 years of ART. The results further confirmed the lipid-
lowering effect of TDF. However, TDF-based regimen could not completely
offset hyperlipidemia, especially the increase in TC, caused by HIV infection
and other antiretroviral drugs as reported [18]. Though it was the new
occurrence rate of hypercholesterolemia rather than hypertriglyceridemia was
significantly lower in TDF group, TDF lowered TG much better than TC by the
rest means in this study. Such unbalanced effects of TDF may result from its
HIV replication inhibition or the effect of boosters since HIV infection increases
TG and decreases TC, and other ARTs prefer to increase TC [37]. The TC
increase preference of AZT and its boosters, together with limited case sizes,
may also explain the contradictory results about the new occurrence rates of
hypercholesterolemia and hypertriglyceridemia in TDF group. Therefore, HIV-
infected patients still need to monitor or intervene in lipid metabolism after the
onset of ART including TDF-containing regimens.

Many experts warn that dyslipidemia is a risk factor of CVDs in HIV-
infected patients [7-9]. Fortunately, there were no CVD events in this study,
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perhaps due to the valid patients with ages from 18 to 45 years old. NAFLD
is prevalent and dyslipidemia is associated NASH and liver fibrosis in HIV-
infected patients [6,10-12]. However, rare studies are involved in the influences
of lipid-lowering effect of TDF on liver function or fatty liver. In this study, TDF-
based regimen had lower abnormality rate of ALT than AZT-based regimen
after long-term ART, suggesting a liver function-protective role. Unfortunately,
there were an increase tread in ALT in both groups and no significant difference
in levels of ALT and AST. The possible explanation is the limited case sizes,
especially in AZT group. Nonetheless, the liver function-protective role of TDF-
related lipid-lowering effect was believable, which was further strengthened
by the prevalence of fatty liver and CAP levels (only in some observation time
point) that were both lower and the close correlations among TG, BMI and ALT
in TDF group. However, our results suggest that the lipid-lowering effect of TDF
only moderately reduce the risk of fatty liver and protect the liver functions,
which was in concordance with relative higher rate of impaired liver function
in patients treated with TDF-containing regimen [5]. The further correlation
analyses showed that it was TC, but TG, that was closely correlated with the
levels of ALT and AST in patients treated with TDF-based regimen. These
results suggest that lower rate of abnormal ALT in TDF group is correlated with
the TG-lowering preference of TDF, perhaps by reducing liver fat. In contrast,
TC due to limited lowering effect of TDF is the major cause of abnormal ALT
and AST, and statins may be helpful for those treated patients. In addition,
both ALT and AST were found to be positively correlated with blood glucose,
suggesting that it is worth to notice that insulin resistance or diabetes takes a
part in the liver damage of HIV-infected patients.

TDF, as first-line drug, has been included in most recommended regimens
from 2002. It has been confirmed to be of high efficacy and generally good
tolerance, as demonstrated in clinical trials and real-life studies [38,39].
Unfortunately, it has unpleasant side-effects on renal function and bone
metabolism [29]. In our retrospective study, the HIV RNA level in 96.7% of
patients was below the lower limit of detection after 5 years of ART. Four
patients (1.3%) switched to other regimen due to the renal dysfunction defined
by eGFR below 60 ml x min ! x 1.73 m? in 153 patients initially treated with
TDF-based regimen. Among those 115 patients who finished the follow up
of 5 years, eGFR was similar to that of AZT group, and did not significantly
decrease over time as reported [18,40,41]. Therefore, the renal toxicity
of TDF in those patients was relatively limited perhaps due to their ages of
younger than 45 years old. Indeed, the eGFR was only correlated with age in
those patients. The further correlation analyses showed that eGFR was not
correlated with TC and TG levels in patients treated with TDF-based regimen,
suggesting that the lipid-lowering effects of TDF is independent on its renal
toxicity. However, many researchers believe that higher circulating plasma
levels of tenofovir diphosphate, the final active moiety of TDF, are involved
in mitochondrial, renal and bone toxicities [42,43]. The mitochondrial toxicity
of reduction in mRNA expression of squalene epoxidase is then related to
the changes in lipid profiles [44]. So, the lipid-lowering effects and the renal
toxicity of TDF are pathogenically similar, which are in concordance with that
lower body mass is the risk for renal toxicity [29,44]. Therefore, more attentions
would be paid during the exploration of lipid-lowering effects of TDF though
it was safe in patients with age of younger than 45 years old as long as few
victims were screened out in time.

Conclusion

The lipid-lowering effects of TDF was confirmed to prefer TG over TC
in HIV-infected patients with long-term ART, which moderately protected the
liver by reducing liver fat, but could not abolish the abnormalities in ALT and
AST due to the limited lowering effect on TC. The renal toxicity of TDF in HIV-
infected patients with age younger than 45 years old was controllable and the
lipid-lowering effects of TDF were independent on renal toxicity. Therefore, in
the era of TAF and integrase inhibitors, TDF-based regimens may remain to
be the first choice for young HIV-infection patients with dyslipidemia, fatty liver
and obesity.
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Limitations & Recommendations for Fu-
ture Studies

Our study had several limitations. Firstly, only 153 patients were enrolled
in the study. Secondarily, both TDF- and AZT-based regimens consist of at
least three drugs. The influences of the hoosters should take into account in
the future. Finally, the enrollment of patients younger than 45 years old was
favorable for evaluation of TDF lipid-lowering effects, but unfavorable for
evaluations of renal toxicity, CVDs and risk factor analyses. For these reasons,
prospective studies with larger sample size and without age limitation should
be conducted in order to clarify the total possible benefits of lipid-lowering
effects of TDF in the future.

Conflict of Interest

There is no conflict of interest to disclose.

Funding

This work was supported by grants from Sun Yat-Sen University (“Five and
Five” projects), China.

Acknowledgments

We thank the rest of clerks in Center of Infectious Diseases, the Fifth
Affiliated Hospital, Sun Yat-Sen University, Zhuhai, China, for data collection
assistances.

References

1. Mahy, Mary, Kimberly Marsh, Keith Sabin and lan Wanyeki, et al. "HIV estimates
through 2018: data for decision-making." AIDS (London, England) 33, no. Suppl 3
(2019): S203.

2. Cohen, Myron S, Ying Q Chen, Marybeth McCauley and Theresa Gamble, et
al. "Prevention of HIV-1 infection with early antiretroviral therapy." New England
Journal of Medicine 365, no. 6 (2011): 493-505..

3. Zohar Mor, Rivka Sheffer, Daniel Chemtob. "Causes of death and mortality trends
of all individuals reported with HIV/AIDS in Israel, 1985-2010." Journal of Public
Health 1(2017):1-9.

4. Triant, VirginiaA., Hang Lee, Colleen Hadigan, and Steven K. Grinspoon. "Increased
acute myocardial infarction rates and cardiovascular risk factors among patients
with human immunodeficiency virus disease." The Journal of Clinical Endocrinology
& Metabolism 92, no. 7 (2007): 2506-2512.

5. Dai, Lili, Bin Su, An Liu, and Hongwei Zhang, et al. "Adverse events in Chinese
human immunodeficiency virus (HIV) patients receiving first line antiretroviral
therapy." BMC Infectious Diseases 20, no. 1 (2020): 1-9.

6. Perazzo, Hugo, Sandra W. Cardoso, Carolyn Yanavich, and Estevdo P. Nunes,
et al. "Predictive factors associated with liver fibrosis and steatosis by transient
elastography in patients with HIV mono-infection under long-term combined
antiretroviral therapy." Journal of the International AIDS Society 21, no. 11 (2018):
€25201.

7. Asztalos, Bela F, Robert Matera, Katalin V. Horvath, and Michael Horan, et al.
"Cardiovascular disease-risk markers in HIV patients." Journal of AIDS & Clinical
Research 5, no. 7 (2014).

8. Flavia Ballocca, Fabrizio D'Ascenzo, Sebastiano Gili, and Walter Grosso Marra,
et al."Cardiovascular disease in patients with HIV." Trend/gt.s Cardiovasc Med
27.8(2017):558-563.

9. Dekkers, Coco C, Jan Westerink, Andy IM Hoepelman, and Joop E Arends.
"Overcoming obstacles in lipid-lowering therapy in patients with HIV—A systematic
review of current evidence." AIDS Rev 20, no. 4 (2018): 205-19.

10. VanWelzen, Berend J., Tania Mudrikova, Ayman El Idrissi, and Andy IM Hoepelman,



Ouyang L, et al.

AIDS Clin Res, Volume 11: 12, 2020

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

21.

et al. "A review of non-alcoholic fatty liver disease in HIV-infected patients: the next
big thing?." Infectious Diseases and Therapy 8, no. 1 (2019): 33-50.

Lui, G, VWS Wong, GLH. Wong, WCW. Chu, and CK. Wong, et al. "Liver fibrosis and
fatty liver in Asian HIV-infected patients." Alimentary Pharmacology & Therapeutics
44, no. 4 (2016): 411-421.

Da Cunha, Joel, Luciana Morganti Ferreira Maselli, Ana Carolina Bassi Stern, and
Celso Spada, et al. "Impact of antiretroviral therapy on lipid metabolism of human
immunodeficiency virus-infected patients: Old and new drugs." World Journal Of
Virology 4, no. 2 (2015): 56.

Gardner, Kristian, Peter A. Hall, Patrick F. Chinnery, and Brendan Al Payne. "HIV
treatment and associated mitochondrial pathology: review of 25 years of in vitro,
animal, and human studies." Toxicologic Pathology 42, no. 5 (2014): 811-822.

World Health Organization. Updated recommendations on first-line and second-
line antiretroviral regimens and post-exposure prophylaxis and recommendations
on early infant diagnosis of HIV: interim guidelines: supplement to the 2016
consolidated guidelines on the use of antiretroviral drugs for treating and preventing
HIV infection. No. WHO/CDS/HIV/18.51. World Health Organization, 2018.

Department of Health and Human Services (DHHS) 2018. "Panel on Antiretroviral
Guidelines for Adults and Adolescents. Guidelines for the use of antiretroviral
agents in HIV-1-infected adults and adolescents." 2018.

Sax, Paul E., Anton Pozniak, M. Luisa Montes, and Ellen Koenig, et al. "Coformulated
bictegravir, emtricitabine, and tenofovir alafenamide versus dolutegravir with
emtricitabine and tenofovir alafenamide, for initial treatment of HIV-1 infection (GS-
US-380-1490): A randomised, double-blind, multicentre, phase 3, non-inferiority
trial." THE LANCET 390, no. 10107 (2017): 2073-2082.

Hill, Andrew, Sophie L. Hughes, Dzintars Gotham, and Anton L. Pozniak. "Tenofovir
alafenamide versus tenofovir disoproxil fumarate: is there a true difference in
efficacy and safety?." Journal Of Virus Eradication 4, no. 2 (2018): 72.

Yang, Junyang, Jun Chen, Yongjia Ji, and Qi Tang, et al. "Lipid profile and renal
safety of tenofovir disoproxil fumarate-based anti-retroviral therapy in HIV-infected
Chinese patients." International Journal Of Infectious Diseases 83 (2019): 64-71.

Venter, Willem DF, Michelle Moorhouse, Simiso Sokhela, and Lee Fairlie, et al.
"Dolutegravir plus two different prodrugs of tenofovir to treat HIV." New England
Journal of Medicine 381, no. 9 (2019): 803-815.

Arribas, José R., Melanie Thompson, Paul E. Sax, and Bernhard Haas, et al. "Brief
report: randomized, double-blind comparison of tenofovir alafenamide (TAF) vs
tenofovir disoproxil fumarate (TDF), each coformulated with elvitegravir, cobicistat,
and emtricitabine (E/C/F) for initial HIV-1 treatment: week 144 results." JAIDS
Journal of Acquired Immune Deficiency Syndromes 75, no. 2 (2017): 211-218.

Gomez, Mario, Ulrich Seybold, Julia Roider, and Georg Hérter, et al. "Aretrospective
analysis of weight changes in HIV-positive patients switching from a tenofovir
disoproxil fumarate (TDF)-to a tenofovir alafenamide fumarate (TAF)-containing
treatment regimen in one German university hospital in 2015-2017." Infection 47,
no. 1(2019): 95-102.

Arae, Hirotaka, Masao Tateyama, Hideta Nakamura, and Daisuke Tasato, et
al. "Evaluation of the lipid concentrations after switching from antiretroviral drug
tenofovir disoproxil fumarate/emtricitabine to abacavir sulfate/lamivudine in
virologically-suppressed human immunodeficiency virus-infected patients." Internal
Medicine 55, no. 23 (2016): 3435-3440.

Milinkovic, Ana, Florian Berger, Alejandro Arenas-Pinto, and Stefan Mauss. "Lipid
changes due to tenofovir alafenamide are reversible by switching back to tenofovir
disoproxil fumarate." AIDS (London, England) (2019).

Milinkovic, Ana, Florian Berger, Alejandro Arenas-Pinto, and Stefan Mauss.
"Reversible effect on lipids by switching from tenofovir disoproxil fumarate to
tenofovir alafenamide and back." AIDS 33, no. 15 (2019): 2387-2391.

Tungsiripat, Marisa, Douglas Kitch, Marshall J. Glesby, and Samir K. Gupta,et al.
"A pilot study to determine the impact on dyslipidemia of adding tenofovir to stable
background antiretroviral therapy: ACTG 5206." AIDS (London, England) 24, no. 11
(2010): 1781.

Shaheen, A. A., M. AlMattooq, S. Yazdanfar, and K. W. Burak, et al. "Tenofovir
disoproxil fumarate significantly decreases serum lipoprotein levels compared
with entecavir nucleos () ide analogue therapy in chronic hepatitis B carriers."
Alimentary Pharmacology & Therapeutics 46, no. 6 (2017): 599-604.

Sarkar, Jayeeta, Debraj Saha, Bhaswati Bandyopadhyay, and Bibhuti Saha, et al.
"Lamivudine plus tenofovir versus lamivudine plus adefovir for the treatment of

Page 9 of 9

hepatitis B virus in HIV-coinfected patients, starting antiretroviral therapy." Indian
Journal of Medical Microbiology 36, no. 2 (2018): 217.

28. Ryom, Lene, Jens Dilling Lundgren, Stéphane De Wit, and Helen Kovari, et al.
"Use of antiretroviral therapy and risk of end-stage liver disease and hepatocellular
carcinoma in HIV-positive persons." AIDS 30, no. 11 (2016): 1731-1743.

29. Venter, Willem DF, June Fabian, and Charles Feldman. "An overview of tenofovir
and renal disease for the HIV-treating clinician." Southern African journal of HIV
medicine 19, no. 1 (2018):817.

30. Schwarze-Zander, C., H. Piduhn, C. Boesecke, and S. Schlabe, et al. "Switching
tenofovir disoproxil fumarate to tenofovir alafenamide in a real life setting: what are
the implications?." HIV Medicine 21, no. 6 (2020): 378-385.

31. Gupta, Samir K., Frank A. Post, José R. Arribas, and Joseph J. Eron Jr, et al. "Renal
safety of tenofovir alafenamide vs. tenofovir disoproxil fumarate: A pooled analysis
of 26 clinical trials." AIDS (London, England) 33, no. 9 (2019): 1455.

32. Tao, Xingbao, Yanqiu Lu, Yihong Zhou, and Yingiu Huang, et al. "Virologically
suppressed HIV-infected patients on TDF-containing regimens significantly
benefit from switching to TAF-containing regimens: A meta-analysis of randomized
controlled trials." International Journal of Infectious Diseases 87 (2019): 43-53.

33. Shen, Yinzhong, Jiangrong Wang, Zhenyan Wang, and Tangkai Qi, et al.
"Prevalence of dyslipidemia among antiretroviral-naive HIV-infected individuals in
China." Medicine 94, no. 48 (2015) : e2201.

34. Ma, Ying-Chun, Li Zuo, Jiang-Hua Chen, and Qiong Luo, et al. "Modified glomerular
filtration rate estimating equation for Chinese patients with chronic kidney disease."
Journal of the American Society of Nephrology 17, no. 10 (2006): 2937-2944.

35. Wu, Ya-Song, Wei-Wei Zhang, Xue-Mei Ling, and Lian Yang, et al. "Efficacy
and safety of tenofovir and lamivudine in combination with efavirenz in patients
co-infected with human immunodeficiency virus and hepatitis B virus in China."
Chinese Medical Journal 129, no. 3 (2016): 304.

36. Norwood, Jamison, Megan Turner, Carmen Bofill, and Peter Rebeiro, et al. "Weight
gain in persons with HIV switched from efavirenz-based to integrase strand transfer
inhibitor-based regimens." Journal of Acquired Immune Deficiency Syndromes
(1999) 76, no. 5 (2017): 527.

37. Souza, Suelen Jorge, Liania Alves Luzia, Sigrid Sousa Santos, and Patricia Helen
Carvalho Rondé. "Lipid profile of HIV-infected patients in relation to antiretroviral
therapy: a review." Revista Da Associagdo Médica Brasileira (English Edition) 59,
no. 2 (2013): 186-198.

38. Gallant, Joel E., Schlomo Staszewski, Anton L. Pozniak, and Edwin DeJesus,
et al. "Efficacy and safety of tenofovir DF vs stavudine in combination therapy in
antiretroviral-naive patients: A 3-year randomized trial." JAMA 292, no. 2 (2004):
191-201.

39. Squires, Kathleen, Anton L. Pozniak, Gerald Pierone Jr, and Corklin R. Steinhart,
et al. "Tenofovir disoproxil fumarate in nucleoside-resistant HIV-1 infection: A
randomized trial." Annals of Internal Medicine 139, no. 5 Part 1 (2003): 313-320.

40. Boyd, Anders, Patrick Miailhes, Caroline Lascoux-Combe, and Hayette Rougier,
et al. "Renal outcomes after up to eight years of tenofovir exposure in HIV-HBV-
coinfected patients." (2017).

41. Romo, Francine Touzard, Mariam Aziz, Britt Livak, and Emily Huesgen, et al. "Renal
function recovery and HIV viral suppression following tenofovir discontinuation for
renal impairment.” Journal of AIDS & Clinical Research 5, no. 11 (2014).

42. Lagoutte-Renosi, Jennifer, Mylene Flammang, Catherine Chirouze, and Geneviéve
BeckWirth, et al. "Real-Life Impact on Lipid Profile of a Switch from Tenofovir
Disoproxil Fumarate to Tenofovir Alafenamide in HIV-Infected Patients." Current Hiv
Research (2020).

43. Li, Min, Lei Zhou, Harold G. Dorsey, and Charles Musoff, et al. "Tenofovir
alafenamide does not inhibit mitochondrial function and cholesterol biosynthesis in
human T lymphoblastoid cell line." Antiviral Research 183 (2020): 104948.

44, Hoang, Cuong Q., Hai D. Nguyen, Huy Q. Vu, and Khai T. Nguyen. "Determinants
of Risk Factors for Renal Impairment among HIV-Infected Patients Treated with
Tenofovir Disoproxil Fumarate-Based Antiretroviral Regimen in Southern Vietnam."
Biomed Research International 2020 (2020).

How to cite this article: Lijuan Ouyang, Zhong Si Hong, Wen Xiao Dong, and
Hong Qiong Zhu, et al. “Tenofovir Disoproxil Fumarate-Lowering Lipid Effects
Moderately Protect Liver during Long-Term Antiretroviral Therapy in HIV-Infected
Patients.” J AIDS Clin Res 11 (2020): 826.




