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ABSTRACT

Introduction: Elvitegravir/cobicistat/emtric-
itabine/tenofovir alafenamide (E/C/F/TAF) has
been increasingly replaced by bictegravir/
emtricitabine/tenofovir alafenamide (B/F/
TAF) in the treatment of human immunodefi-
ciency virus (HIV) owing to its more favorable
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pharmacokinetics and fewer drug-drug inter-
actions. However, the effect of this switch on
plasma lipids and lipidomic profiles remains
poorly characterized.

Methods: HIV infected patients on an E/C/F/
TAF regimen were recruited into the study and
followed up every 12 weeks. Participants were
divided into E/C/F/TAF and B/F/TAF groups
depending on whether they were switched to
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B/F/TAF during follow-up. Clinical informa-
tion and blood samples were collected at O,
12, and 24 weeks, and lipidomic analysis was
performed using liquid chromatography mass
spectrometry.

Results: No significant differences were
observed between the groups at baseline. At
week 24, patients switched to B/F/TAF had
lower triglyceride [mmol/L; 1.23 (0.62) ver-
sus 2.03 (0.75), P=0.001] and very low-den-
sity lipoprotein cholesterol [mmol/L; 0.64
(0.26) versus 0.84 (0.32), P=0.037) com-
pared with patients who continued E/C/F/
TAF therapy. Small decrease from baseline in
Framingham general cardiovascular risk score
(FRS) was observed in the B/F/TAF arm [week
(W) 0: 2.59 (1.57) versus W24: 2.18 (1.01),
P=0.043]. Lipidomic analysis indicated that
E/C/F/TAF treatment increased the levels
of several diglycerides (DGs), triacylglycer-
ols (TAGs), and lyso-phosphatidylcholines

(LPCs), whereas switching to B/F/TAF led to
increased sphingolipids and glycerophospho-
lipids. After adjusting for demographic and
clinical parameters, only DG (16:0/18:2), DG
(18:2/22:6), DG (18:3/18:2), DG (20:5/18:2),
TAG (18:3/18:2/21:5), TAG (20:5/18:2/22:6),
and LPC (22:6) were found to be significantly
associated with FRS (regression coefficient of
0.17-6.02, P<0.05). Most of these FRS associ-
ate lipid species were significantly elevated in
individuals treated with E/C/F/TAF instead of
individuals treated with B/F/TAF.
Conclusion: E/C/F/TAF promotes the accu-
mulation of lipid species closely associated
with cardiovascular disease (CVD) risk among
people living with HIV, whereas B/F/TAF has a
decreased impact on CVD-related lipid profile
and is associated with lower CVD risk.

A graphical abstract is available with this article.
Trial registration: ClinicalTrials.gov; identi-
fier, NCT06019273.
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Graphical Abstract:

Distinct lipidomic profiles between people living with HIV treated
with E/C/FITAF or B/FITAF: An open-label prospective cohort study

Zhikai Wan, Junwei Su, Xueling Zhu, Xiang Liu, Yongzheng Guo, Dairong Xiang, Xiaotang Zhou, Xiaorong
Peng, Ran Tao, Qing Cao, Guanjing Lang, Ying Huang, Biao Zhu
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Conclusion:E/C/F/TAF promotes the accumulation of lipid species closely associated

with cardiovascular disease (CVD) risk among people living with HIV, whereas B/F/TAF
has a less impact on CVD related lipid profile and is associated with lower CVD risk

The graphical abstract represents the opinions of the authors. For a full
list of declarations, including funding and author disclosure statements, / .
and copyright information, please see the full text online _\ AdlS

A\ Adis



Infect Dis Ther

Keywords: Lipidomic;  HIV;  Elvitegravir/
cobicistat/emtricitabine/tenofovir alafenamide;
Bictegravir/emtricitabine/tenofovir
alafenamide; Switch

Why carry out this study?

For HIV infected patients, the effect of
switching from elvitegravir/cobicistat/emtric-
itabine/tenofovir alafenamide (E/C/F/TAF) to
bictegravir/emtricitabine/tenofovir alafena-
mide (B/F/TAF) on lipidomic profiles and car-
diovascular disease (CVD) risk remains poorly
characterized.

What was learned from the study?

The mass spectrometry-based lipidomic
approach allowed the identification of
detailed lipid profiles, highlighting lipid per-
turbations upon antiretroviral therapy.

E/C/F/TAF promotes the accumulation of
lipid species closely associated with cardio-
vascular CVD risk instead of B/F/TAE.

Novel metabolites, such as DG (16:0/18:2),
DG (18:2/22:6), etc., were significantly associ-
ated with future CVD risk

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital fea-
tures for this article, go to https://doi.org/10.
6084/m9.figshare.25225520.

INTRODUCTION

For people living with human immunodefi-
ciency virus (PLWH), widespread application
and earlier initiation of antiretroviral therapy
(ART) has minimized the occurrence of oppoz-
tunistic infections, and life expectancy has

been dramatically prolonged, approaching
that of the general population [1, 2]. However,
aging with PLWH leads to a higher mortality
related to conditions not related to acquired
immune deficiency syndrome (AIDS), such
as cardiovascular diseases (CVD), kidney dis-
ease, and liver disease [3, 4], which are closely
related to lipid metabolism. The risk of sub-
clinical atherosclerosis and CVD is higher for
PLWH, even among those with suppressed
human immunodeficiency virus (HIV) RNA
levels, compared with that of the general pop-
ulation [5, 6]. In developed countries, CVD
involving myocardial infarction, stroke, and
sudden cardiac death have become leading
causes of death among PLWH [2]. The under-
lying mechanism for this divergence in CVD
risk between PLWH and HIV-negative people
remains poorly understood, but it has been
tentatively attributed to HIV infection-related
factors such as persistent immune activation,
ART toxicity, and HIV itself [7]. Dyslipidemia,
which is a major risk factor for CVD, is com-
mon among PLWH, even in middle-income
and low-income countries [8] and could be
responsible for the association between the
two disorders. Accordingly, monitoring and
controlling lipid levels as a means to prevent
and control the occurrence of CVD in the HIV-
positive population is crucial.

Several studies have shown that old protease
inhibitors, nucleotide reverse transcriptase
inhibitors, and non-nucleotide reverse tran-
scriptase inhibitors are closely associated with
increases in triglyceride (TG), total choles-
terol (TC), and low-density lipoprotein cho-
lesterol (LDL-C) and decrease in high-density
lipoprotein cholesterol (HDL-C). Currently,
a once-daily single-tablet regimen (STR) con-
taining a integrase strand transfer inhibitor
(INSTI) is recommend as first-line ART regi-
men for PLWH owing to its demonstrated
durable virologic efficacy, favorable tolerabil-
ity, toxicity profiles, and potential adherence
advantage [9]. However, the established elvite-
gravir, cobicistat, emtricitabine, and tenofo-
vir alafenamide (E/C/F/TAF) regime has been
associated with weight gain and dyslipidemia
[10]. Because of its ease of administration
and fewer drug-drug interactions, bictegravir,
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emtricitabine, tenofovir alafenamide (B/F/
TAF) has gradually replaced E/C/F/TAF as the
primary STR [11]. It has been reported that B/F/
TAF-treated PLWH show superior lipid profiles
in comparison to those treated with E/C/F/
TAF, but relevant clinical data is lacking, so
this needs further confirmation [12]. However,
conventional lipid biomarkers in clinics may
not adequately reflex perturbations in overall
lipid profiles or sufficiently reflect CVD risk in
PLWH [8].

Lipid metabolism is thought to be closely
associated with the onset and progression of sev-
eral conditions such as CVD, diabetes, and non-
alcoholic fatty liver disease (NAFLD) [13]. Clini-
cal lipidomics is an emerging field that aims to
identify multiple different plasma lipid species
and measure their levels, providing a more com-
prehensive and sensitive means to detect poten-
tial changes in lipidomic profile [14]. The iden-
tification of these signatures could be applied to
enumerate novel biomarkers and future inter-
vention targets for disease treatment. A few pub-
lished studies have explored the impact of HIV
infection and ART on the aspects of lipid pro-
files that could be related to CVD [15, 16]. Wong
et al. reported altered levels of 74 lipid species
and 8 lipid classes including ceramide (Cer),
diglyceride (DGs), phosphatidylinositol (PI)
and triacylglycerol (TAG) et al. were significantly
associated with future cardiovascular events in
individuals with HIV [17]. However, prospec-
tive lipidomic data for PLWH are still scarce and
turther studies are required to explore the long-
term effects of different ART regimens on lipid
metabolism and underlying mechanisms associ-
ated with CVD risk. Accordingly, in the present
study, we explored the effects of E/C/F/TAF and
B/F/TAF on lipidomic profiles and the lipid sub-
species associated with CVD.

METHODS

Study Design and Participants

This is a prospective, single-center, observational
clinical study conducted at National Clinical
Research Center for Infectious Diseases Zhejiang,

China. PLWH>18 years old receiving stable
E/C/F/TAF therapy with HIV RNA <50 copies/mL
for>6 months and without other comorbidities
or concomitant medications were recruited into
the study. Participants were divided into E/C/F/
TAF and B/F/TAF groups depending on whether
they were switched to B/F/TAF during follow-
up. The exclusion criteria included a history of
severe medical conditions, the use of medica-
tions that may interfere with lipid metabolism
(such as statins/fibrates, antidiabetic), and preg-
nancy during the study. Subjects who were lost
to follow-up were also excluded. For full inclu-
sion and exclusion criteria see supplemental
Text 1. Written informed consent was obtained
from all participants, and the protocol of this
trial were approved by the Institutional Ethics
Committee at the First Affiliated Hospital, Zhe-
jilang University School of Medicine (approval
number: ITT20220125B-R1). This study was reg-
istered with ClinicalTrials.gov (NCT06019273).

Procedures

This is a single-center cohort study of pro-
spectively collected data. Before enrollment,
demographic data [age, sex, body mass index
(BMI), smoking habits], past medical history
(particularly including history of hyperten-
sion, diabetes, and medication), and HIV-
related factors (time since diagnosis, time on
ART, time on E/C/F/TAF, prior treatments,
comorbidities) were recorded. Clinical data
collection and laboratory biochemical exam-
ination were also carried out before enroll-
ment. Subjects who met the inclusion criteria
but not the exclusion criteria were enrolled.
Enrolled participants were systematically
scheduled for a principal visit every 12 weeks,
which included a comprehensive laboratory
evaluation and the procurement of biological
specimens. The initial 24 weeks post-enroll-
ment were designated as the observation
period. Individuals who switched to other
than B/F/TAF ART regimen were excluded
from the final analysis. Subjects maintain-
ing their E/C/F/TAF regimen throughout the
observational phase were allocated to the
E/C/F/TAF cohort, with their enrollment date
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established as their baseline. Subjects opting
for a B/F/TAF regimen during the observation
period were assigned to the B/F/TAF cohort.
Prior to regimen conversion, they under-
went a visit for comprehensive evaluation
and biological specimen collection, followed
by scheduled visits every 12 weeks. The con-
sultation preceding the regimen change was
designated as the baseline for the B/F/TAF
cohort. The visit point post 24 weeks of treat-
ment with either E/C/F/TAF or B/F/TAF was
marked as the end timepoint. The laboratory
biochemical examination mainly included
full blood count, liver/kidney function tests,
and conventional metabolic assessments, i.e.,
TC, TG, HDL-C, LDL-C, fasting blood glucose
(FBG), as well as CD4*and CD8* T-lymphocyte
cell and HIV RNA counts. Plasma samples
were collected in standardized conditions at
the time of interview following a minimum of
8 h fasting and stored at-80 °C until analy-
sis. Lipidomic samples preparation was shown
in Supplementary Material Text 1. Lipidomic
profiles were obtain at the baseline timepoint,
12 weeks posttreatment and end timepoint for
both E/C/F/TAF and B/F/TAF groups.

Cardiovascular Disease Risk and
Non-alcoholic Fatty Liver Disease Assessment

Based on age, sex, lipid levels, blood pres-
sure, smoking, and presence of diabetes, the
Framingham general cardiovascular risk score
(FRS) was calculated to estimate 10-year CVD
risk, with higher scores indicating higher
risk of cardiovascular events [18]. Accord-
ing to previous studies, the hepatic steatosis
index (HSI) was used as a surrogate marker
for NAFLD. HSI=8 x [alanine aminotrans-
terase (ALT)/aspartate aminotransferase
(AST)] + BMI + (2, if diabetes mellitus) + (2, if
temale), with values <30 ruling out and val-
ues>36 ruling in steatosis [19]. The cardio-
vascular disease risk and NAFLD assessment of
the participants was performed at the baseline
time point and end time point.

Lipidomic Data Acquisition and Analysis

A Dionex Ultimate 3000 RS ultrahigh per-
formance liquid chromatography fitted with
Q-Exactive quadrupole-Orbitrap mass spec-
trometer equipped with heated electrospray
ionization (ESI) source (Thermo Fisher Scien-
tific, Waltham, MA, USA) was used to analyze
the metabolic profiling in both ESI positive and
ESI negative ion modes. An ACQUITY UPLC BEH
C18 column (1.7 pym, 2.1 mm x 100 mm) were
employed in both positive and negative modes.
The binary gradient elution system consisted
of (A) acetonitrile: water (60:40, v:v, contain-
ing 10 mmol/L ammonium formate) and (B)
acetonitrile: isopropanol (10:90, v:v, contain-
ing 10 mmol/L ammonium formate) and sepa-
ration was achieved using the following gradi-
ent: 0 min, 5% B; 0.5 min, 5% B; 2 min, 43% B;
32.1 min, 52% B; 8.5 min, 53% B; 8.6 min,75%
B;114 min, 90% B, 14.5in, 100% B, 15.5 min,
100% B, 15.7 min, 5% B and 18 min, 5% B. The
flow rate was 0.4 mL/min and column tempera-
ture was 60 °C. All the samples were kept at 4 °C
during the analysis. The injection volume was
5 pL. Positive samples: heater temperature was
350 °C, sheath gas flow rate was 50 arb, aux-
iliary gas flow rate 15 arb, sweep gas flow rate
was 1 arb, spray voltage was 3.8 kV, capillary
temperature was 320 °C, and S-lens RF level was
75%. MS1 scan ranged from 135 to 2000. Nega-
tive samples: heater temperature was 350 °C,
sheath gas flow rate was 50 arb, auxiliary gas
flow rate was 15 arb, sweep gas flow rate was
1 arb, spray voltage was 3.0 kV, capillary tem-
perature was 320 °C, and S-lens RF level was
75%. MS1 scan ranged from 135 to 2000. The
quality controls (QCs) were injected at regu-
lar intervals (every eight samples) throughout
the analytical run to provide a set of data from
which repeatability can be assessed. The origi-
nal Q Exactive liquid chromatography mass
spectrometry (LC-MS) data in raw format were
processed by software Lipid Search for MSn and
the exact mass-to-charge ratio (m/z) of parent
ions was established. The molecular structure of
lipids and the additive mode of its positive and
negative ions were identified according to the
parent ions and multi-stage mass spectrometry
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data of each individual sample. The results were
aligned according to a certain retention time
range and combined into a single report to sort
out the original data matrix.

In each sample, all peak signals were notz-
malized (that is, the signal intensity of each
peak is converted to the relative intensity in
the spectrum, and then multiplied by 10,000).
The extracted data were then further pro-
cessed by removing any peaks with a missing
value (ion intensity of0) in more than 50%
in groups and by replacing the zero value by
half of the minimum value. A data matrix was
combined from the positive and negative ion
data.

Statistical Analysis

Categorical variables were described as frequency
(%) and continuous data were summarized with
means [standard deviation (SD)] or median
[interquartile range (IQR)]. For comparisons
within-group and between groups, continuous
and categorical variables were tested for statis-
tical significance using f tests, Wilcoxon rank-
sum tests, or chi-squared tests, as appropriate.
For plasma lipidome data, principal component
analysis (PCA) was used to observe the overall
distribution among the samples and the stability
of the whole analysis process. Orthogonal partial
least-squares-discriminant analysis (OPLS-DA)
and Student’s t test were utilized to identify the
metabolites that differed between groups. Sig-
nificantly altered metabolites were defined as
those with variable importance in the projection
(VIP) values>1 in OPLS-DA analysis and two-
tailed P values<0.05 in univariate analysis. For
comparisons between groups, those with |fold
change| >2 and P<0.05 were considered differ-
entially expressed lipid species. Short time-series
expression miner (STEM) analysis [20] was used
to investigate the expression tendency of lipid
species. Profiles with P<0.0S5 based on the num-
ber of metabolites clustered were considered sig-
nificantly enriched clusters. Pearson correlation
was used to measure the strength and direction
of linear relationships between the significantly
altered lipid species and clinical parameters.

Multiple comparisons were performed by mul-
tivariable-adjusted analysis using a linear regres-
sion model. Statistical analyses were performed
in SPSS 25.0 (IBM SPSS, Chicago, IL, USA) and R
software (version 3.5.3). Multivariate modeling
using OPLS-DA was performed using MetaboAn-
alyst 5.0 (www.metaboanalyst.ca). The graphi-
cal representations were based on the graphi-
cal environment of R, GraphPad Prism software
(version 9.0), and TB tools (version 1.12) [21].

RESULTS

Baseline Characteristics

Patient recruitment for this study commenced in
November 2021 and concluded in January 2022.
Fifty patients receiving stable E/C/F/TAF therapy
were included in the study and were followed
up every 12 weeks. Two participants switched
to the dolutegravir (DTG)-based ART regimen
(DTG +lamivudine AND DTG +rilpivirine) due
to adverse effects (dyslipidemia and weight
gain). Of the remaining 48 subjects screened
and enrolled, 22 chose to switch to B/F/TAF reg-
imen and 26 chose to continue on E/C/F/TAF
treatment during the 1 year follow-up period.
Three patients in the B/F/TAF arm and one in
the E/C/F/TAF arm were lost to follow-up, leav-
ing 44 participants for final analysis (Fig. 1).

Of the 44 subjects included in the study,
95.50% (n=42) were male, the median age was
32.00 (IQR 27.00-37.00), and the mean FRS at
baseline was low (3.44 SD 4.39). The median
time since HIV diagnosis and cumulative E/C/F/
TAF exposure was 4.00 (2.00-7.00) years and
15.00 (7.00-22.00) months, respectively. Partici-
pant demographics and baseline characteristics
were not different statistically and comparable
across the two study groups (Table 1).

Effect of Switching from E/C/F/TAF to B/F/
TAF: Decreased TG and CVD Risk

At baseline, no differences of serum lipid
profile and other conventional biochemical
parameters were observed between groups.
After 6 months of follow-up, switching to B/F/
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PLWH on stable
E/C/FITAF regimen (N=50)

I

Follow ups were
conducted every 12 weeks [

— 5

Exclued (N=2)
PLWH switch to DTG
-based ART regimen

PLWH continue on
E/C/F/TAF regimen (N=26)
Lost to follow up (N=1)| <]

E/C/FITAF (N=25)
Routine laboratory examination
lipidomic analysis
12 week&24 week

PLWH switch to
BIFITAF (N=22)
| > | Lost to follow up (N=3)

B/F/TAF (N=19)
Routine laboratory examination
lipidomics analysis
12 week&24 week

Fig. 1 Trial profile. E/C/F/TAF elvitegravir/cobicistat/emtricitabine/tenofovir alafenamide, B/F/TAF bictegravir/emtricit-

abine/tenofovir alafenamide, DTG dolutegravir

TAF was found to be associated with decreases
in TG and VLDL-C levels, whereas increases in
TG and VLDL-C levels were observed for con-
tinued use of E/C/F/TAF (Fig. 2, Table S1). At
week 24, compared with the E/C/F/TAF group,
TG and VLDL-C were significantly lower in
the B/F/TAF group (mean difference (md)
0.80 mmol/L, 95% confidence interval (CI)
0.37-1.23, P=0.001 for TG; md 0.20 mmol/L,
95% CI 0.13-0.38, P=0.037 for VLDL-C).
Switching to B/F/TAF was associated with a TC
reduction of 0.42 mmol/L (95% CI 0.08-0.77,
P=0.019) after 24 weeks, compared with 0.22
mmol/L (95% CI 0.02-0.43, P=0.048) with the
continuous use of E/C/F/TAF (between-group
difference 0.011, 95% CI 0.54-0.57, P=0.968).
However, a statistically significant reduction in
LDL-C was observed in the E/C/F/TAF group at
week 24 (md 0.23 mmol/L, 95% CI 0.04-0.42,
P=0.023), while no statistically significant
decrease in LDL-C was found in the switched
group (md 0.25 mmol/L, 95% CI -0.04 to
0.52, P=0.083). The HDL-C and TC/HDL-C
ratio exhibited a non-significant reduction

from baseline in both groups to a comparable
degree. Additionally, after 24 weeks, uric acid
and total bilirubin levels were increased signifi-
cantly in the E/C/F/TAF and B/F/TAF groups,
respectively (Fig. S1, Table S1).

Despite the low baseline mean FRS score levels
in the study population, patients who switched
to B/F/TAF regimen experienced a pronounced
reduction after 24 weeks of follow-up (md 0.41,
95% CI 0.02-0.81, P=0.043) and a mild increase
of FRS was observed in the E/C/F/TAF group over
the same time, although the difference was not
statistically significant.

No apparent changes in HSI were detected in
either group of participants during the follow-up
period. However, the incidence of NAFLD, iden-
tified by HSI, was mildly elevated in the E/C/F/
TAF group (8.0% versus 20.0%), whereas no sig-
nificant changes were seen in the B/F/TAF group
throughout the follow-up period (Table S1).
At week 24, the prevalence of NAFLD was not
significantly different between the two groups
(20.0% versus 26.3%, P=0.620).
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Table 1 Bascline characteristics of participants

E/C/F/TAF group (N=25) B/F/TAF group (N'=19) Total Pvalue

Age (year) 33 (28-43) 32(27-33) 32 (27-37) 0.348
Male (%) 23(92.00) 19 (100.00) 42(95.50) 0.409
BMI (kg/m?) 22.47 (2.93) 2323 (2.92) 22.80 (2.92) 0401
HIV infection (year) 4.00 (2.00-5.00) 5.00 (3.00-9.00) 4.00 (2.00-7.00) 0.185
ART duration (year) 4,00 (2.00-5.00) 5.00 (3.00-9.00) 4,00 (2.00-7.00) 0232
Time on E/C/F/TAF (month) 12.00 (5.00-24.00) 19.00 (12.00-22.00) 15.00 (7.00-22.00) 0.427
CD4* count (cells/uL) 494.60 (213.69) 633.53 (332.30) 558.00 (279.00) 0.134
CD4:CDS ratio 0.72(0.39) 0.80 (0.45) 0.76 (0.42) 0.187
lipid profile

TG (mmol/L) 1.78 (0.79) 1.46 (0.74) 1.64(0.78) 0.178
TC (mmol/L) 491(0.93) 4.93(0.87) 492 (0.90) 0.968
HDL-C (mmol/L) 1.20 (0.15) 1.19 (0.24) 1.19 (0.19) 0.929
LDL-C (mmol/L) 2.91(0.72) 2.95 (0.61) 2.93 (0.67) 0.816
VLDL-C (mmol/L) 0.81(0.35) 0.78 (0.42) 0.80 (0.38) 0.820
Other laboratory parameters

Total protein (g/L) 74.86 (3.10) 7472 (3.68) 74.80 (3.33) 0.888
Albumin (g/L) 47.26 (2.00) 47.13 (2.67) 4720 (2.29) 0.854
ALT (U/L) 18.71 (12.01) 20.63 (10.80) 19.60 (11.40) 0.589
AST (U/L) 17.38 (4.27) 19.11 (3.90) 18.10 (4.16) 0.178
ALP (U/L) 72.96 (17.87) 75.90 (16.67) 74.30 (17.20) 0.585
GGT (U/L) 3325 (25.92) 2821 (23.17) 31.00 (24.60) 0511
Total bilirubin (umol/L) 9.44 (4.62) 10.30 (4.60) 9.81 (4.57) 0.557
FBG (mmol/L) 5.18 (0.40) 5.00 (0.37) 5.10 (0.39) 0.123
Uric acid (umol/L) 36471 (77.05) 404.02 (99.69) 382.00 (88.90) 0.152
Ser (umol/L) 86.79 (14.16) 86.63 (14.88) 86.70 (14.30) 0971
ERS 412 (5.67) 259 (1.57) 3.44 (4.39) 0262
HSI 3072 (5.45) 3172 (5.15) 3120 (5.28) 0525
NAELD (%) 2.00 (8.00) 5.00 (26.33) 7.00 (15.90) 0210

Data are presented as mean (standard deviation), median (interquartile range) or 7 (%)

BMT body mass index, HI¥ human immunodeficiency virus, ART antiretroviral therapy, E/C/F/TAF elvitegravir/cobicistat/
emtricitabine/tenofovir alafenamide, B/F/TAF bictegravir/emtricitabine/tenofovir alafenamide, 7G triglyceride, 7C total
cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, VLDL-C very low-
density lipoprotein cholesterol, ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase,

GGT gamma-glutamyl transferase, FBG fasting blood glucose, Scr serum creatinine, FRS Framingham risk score, HSI hepatic

steatosis index, NAFLD non-alcoholic fatty liver disease
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Fig.2 Changes in plasma lipid concentrations after
24 weeks of treatment. Data are presented as mean+ SEM.
*P<0.05 *P<0.01; **P<0.001. TG triglyceride, TC

Lipidomic Profile Alteration is Associated
with CVD Risk in the E/C/F/TAF Group but
not the B/F/TAF Group

A total of 1093 lipid species including ceramide
(Cer), diglyceride (DG), lyso-phosphatidylcho-
line (LPC), phosphatidylcholine (PC), phos-
phatidylethanolamine (PE), phosphatidylinosi-
tol (PI), phosphatidylserine (PS), sphingomyelin
(SM), triacylglycerol (TAG), and others were
identified and subjected to statistical analysis
(Fig. S2). We first applied a time-series analy-
sis to understand the impact of using E/C/F/
TAF or B/F/TAF on plasma lipid metabolism. It
identified seven and four significant lipidomic
profiles with different expression behaviors in
the two groups, respectively, during follow-up
(Fig. S3). Combined with univariate analysis
(Tables S2-5), it showed different end-point
effects on lipid metabolism according to differ-
ent ARTs (Fig. 3A-C). Levels of four DGs [DG
(16:0/18:2), DG (16:1/18:3), DG (18:3/18:2), DG
(20:5/18:2)] and three LPCs [LPC (20:4), LPC
(22:1), LPC (22:6)] were significantly elevated

total cholesterol, HDL-C high-density lipoprotein choles-
terol, LDL-C low-density lipoprotein cholesterol, ¥ZDL-
C very-low-density lipoprotein cholesterol, 7 week

in the E/C/F/TAF group. Nevertheless, the
B/F/TAF group revealed a substantially greater
change in plasma lipid species with the signifi-
cant increase in one fatty acid (FA) [FA (19:3)],
one O-acyl-(gamma-hydroxy) fatty acid [OAHFA
(38:2)], one digalactosyl diacylglycerol [DGDG
(16:0/18:2)], six LPCs, one lyso-phosphati-
dyl ethanolamine (LPE) [LPE (16:0p)], five PCs,
one phosphatidylglycerol [PG (40:2)], one PI [PI
(24:3/16:0)], five Cers, one phytosphingosine
[phSM(d42:2)], four SMs, six sphingoshines (So),
and a constant decreases in Cer (d18:1/24:1)
and PI (18:0/20:3) (Fig. 3C).

Among all the participants, these 42 signifi-
cantly altered lipid species were highly associ-
ated with conventional biochemical param-
eter levels (Fig. S4). Levels of DGs, elevated in
the E/C/F/TAF group, were observed to be pos-
itively correlated with FBG, TG, and VLDL-C;
and negatively correlated with HDL-C. How-
ever, Cers, LPCs, SMs, and Sos, which were
increased significantly in the B/F/TAF group,
showed completely opposite correlations with
conventional biochemical parameters. Inter-
estingly, the levels of DGs, Cers, LPCs, and
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Fig.3 Plasma lipidomic alterations associated with dif-
ferent antiretroviral therapies. Venn diagram displaying
the number of significantly differentially expressed lipid
species during the 24 weeks of treatment with E/C/F/
TAF (A) and B/F/TAF (B). Set_1 is the significantly dif-
ferentially expressed metabolites identified by time series
analysis during the 24-week follow-up (FDR < 0.05). Set_2
is the significantly changed metabolites between week 0
and week 12 (P<0.05, VIP> 1), and Set_3 is the signifi-
cantly changed metabolites between week 0 and week 24
(P<0.05, VIP>1). The 7 and 35 overlapped metabolites
were indicated in the two groups, respectively. C Heat-
map of the significantly changed metabolites in the plasma
of the participants. The abundance of each metabolite

Sos were significantly associated with FRS
and HSI (Fig. S4). When adjusted for age, sex
and BMI, TC, and HDL-C, the levels of DG
(16:0/18:2), DG (18:3/18:2), DG (20:5/18:2),
and LPC (22:6) were independently positively
correlated with FRS (r=0.348-0.523, P<0.05)
(Fig. 3D-G, Table S6).
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was normalized by Z score normalization. The lipid spe-
cies class is shown on the left, and the group information
is annotated above the heatmap. D-G. Linear regression
plots showing correlations of FRS with different lipid spe-
cies levels. » Pearson correlation coefficient, black dotted
lines: linear regressions curves. FRS Framingham general
cardiovascular risk score, Cer ceramide, DG diglyceride,
DGDG digalactosyl diacylglycerol, EA fatty acid, LPC
lyso-phosphatidylcholine, LPE lyso-phosphatidyl etha-
nolamine, OAHFA O-acyl-(gamma-hydroxy) fatty acid,
PC phosphatidylcholine, PG phosphatidylglycerol, phSM
phytosphingosine, PI phosphatidylinositol, SM sphingo-
myelin, SO sphingoshine, TAG triacylglycerol

Switching to B/F/TAF Shows Less Effect on
TAGs and DGs

To further explore the lipid metabolism in
response to different ARTs, the fold changes
(FCs) and P values were calculated for
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Fig.4 Distinct impacts of E/C/F/TAF and B/F/TAF
on lipid metabolism. A Volcano plot showing the sig-
nificantly differentially expressed metabolites in the two
groups (|fold change| >2 and P <0.05 by Student’s ¢ test).
B Heat map correlations between differential lipid species
inter-groups and conventional biochemical parameters.
FC fold change, NS non-significance, DG diglyceride, PE
phosphatidylethanolamine, PG phosphatidylglycerol, 7AG
triacylglycerol, ALP alkaline phosphatase, ALT alanine

comparison between groups. The FCs for E/C/F/
TAF and B/F/TAF at the 24-week time point
(after normalization to baseline levels) are dis-
played in Fig. 4A and Table S7. DG (18:2/22:6),
DG (20:5/18:2), and TAGs, especially TAG
(18:1/22:0/22:6), TAG (18:3/18:2/21:5), and
TAG (20:5/18:2/22:6) were significantly altered
in the E/C/F/TAF group compared to the lev-
els in the B/F/TAF group (FC 2.57-252.53,
P<0.05). In addition, at 24 weeks, switching
from E/C/F/TAF to B/F/TAF was associated with
a significant increases in some PEs [PE (38:4e),
PE (42:2¢), and PE (20:0p/22:6)].

Correlation of differentially expressed metabo-
lites inter-group and clinical indicators are shown
in Fig. 4B. DGs and TAGs, significantly elevated
in E/C/F/TAF group, showed slight positive asso-
ciations with TG, VLDL-C, FRS, and HSI, but not
with LDL-C (Fig. 4B). After adjusting for age, sex
and BMI, TC, HDL-C, the levels of DG (18:2/22:6),
DG (20:5/18:2), TAG (18:3/18:2/21:5), and TAG
(20:5/18:2/22:6) remained significantly corre-
lated with FRS (Table S7). Furthermore, no cor-
relation was found between FRS and PE (38:4e),
PE (42:2¢), and PE (20:0p/22:6).
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HDL-C
TC/HDL
voc| ¥ § % %

LDL-C
CD4/CD8T cell

aminotransferase, AS7T aspartate aminotransferase, FBG
fasting blood glucose, FRS Framingham risk score, GFR
glomerular filtration rate, -G7T gamma-glutamyl trans-
ferase, HDL-C high-density lipoprotein cholesterol, HSI
hepatic steatosis index, LDL-C low-density lipoprotein
cholesterol, Scr serum creatinine, 7°C total cholesterol, 7G
triglyceride, UA uric acid, VLDL-C very low-density lipo-
protein cholesterol. *P < 0.05; **P < 0.01; **P < 0.001

DISCUSSION

As a second-generation STR, B/F/TAF is recom-
mended as a preferable ART regimen for PLWH
[22]. B/F/TAF, unlike E/C/F/TAF, seems to have
little effect on blood lipids [23]. However, longi-
tudinal studies comparing the effects of B/F/TAF
and E/C/F/TAF on blood lipids are scarce. In this
prospective study, we investigate changes in the
conventional blood lipid and lipidomic profiles
of PLWH treated with E/C/F/TAF and B/F/TAF.
For conventional blood lipids analysis, the levels
of TG and VLDL at week 24 were better in the
B/F/TAF group, while the levels of TC, LDL-C,
and HDL-C, as well as the TC/HDL-C ratio at
week 24 were not significantly different between
the two groups. Additionally, FRS decreased after
switching to the B/F/TAF regimen.

Our non-targeted lipidomic approach revealed
that E/C/F/TAF exerted a particular effect on
glycerolipids and glycerophospholipids, paz-
ticularly the upregulation of DGs, TAGs, and
LPCs, which are associated with FRS. In the B/F/
TAF group, significant increases were observed
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for sphingolipids and glycerophospholipids,
which were found to be inversely related to CVD
risk. Finally, our fully adjusted analyses identi-
fied seven lipid species, i.e., DG (16:0/18:2), DG
(18:2/22:6), DG (18:3/18:2), DG (20:5/18:2), TAG
(18:3/18:2/21:5), TAG (20:5/18:2/22:6), and LPC
(22:6), that were significantly associated with
future CVD risk, independent of clinical factors.

Previous studies have demonstrated that
E/C/F/TAF is associated with increased TG, TC,
LDL-C, and HDL-C [24] and that switching
from E/C/F/TAF to B/F/TAF is strongly related
to blood lipid improvement [12]. However, this
blood lipid improvement was only observed in
a cohort of women living with HIV. It was well
known that blood lipid levels vary significantly
between genders and ethnicities. To the best of
our knowledge, this study is the first prospec-
tive cohort to observe changes in blood lipid lev-
els and lipidomic profiles after switching from
E/C/F/TAF to B/F/TAF in an Asian population.

In this study, it was observed that switch-
ing to B/F/TAF is associated with lower TG and
VLDL-C levels, which is in line with previous
reports [12]. It is important to note, however,
that LDL-C, which is considered a conventional
cardiovascular risk factor, was decreased in the
E/C/F/TAF group in our study, which is differ-
ent from the results of a previous study [10].
This could be explained by the short follow-up
duration (24 weeks), low median age (32.00,
IQR 27.00-37.00), and small sample size (44
patients). Furthermore, it has been demon-
strated that conventional blood lipid analysis
including that of LDL-C cannot encompass per-
turbations in overall lipid profiles and may not
adequately assess the heterogeneity in interin-
dividual atherogenic vulnerability [25]. In some
cases, lower LDL-C may not be associated with
improved cardiovascular outcomes [26]. Con-
sistent with previous work, it was observed in
our study that despite the reduction of LDL-C
levels in the E/C/F/TAF group, individual lipid
species associated with CVD risk are persistently
elevated during the follow-up.

Prospective data from previous studies show
that the mortality of PLWH from liver disease
was second only to AIDS-related mortality, and
NAFLD could soon emerge as the most common
liver disease in PLWH [27, 28]. Liver biopsy is

the gold standard for diagnosis of NAFLD, but it
is difficult to perform in clinical practice. Hence,
in the present study, the HSI scoring system,
based on BMI, ALT/AST ratio, gender, and his-
tory of diabetes, was used to evaluate and iden-
tify NAFLD in the participants [19]. In our study,
incidence of NAFLD was elevated in the E/C/F/
TAF group, although this difference was not sta-
tistically significant. Previous studies have dem-
onstrated that the development of NAFLD is a
long-term and multiple-step process [29]; hence,
it is necessary to be alert to the adverse effects of
E/C/F/TAF on the development of NAFLD. Nota-
bly, although effective for predicting hepatic
steatosis in the general populations, HSI has
not been extensively validated in other popu-
lations, such as PLWH. Therefore, our findings
are exploratory, and further studies with larger
sample sizes and more sensitive and accurate
NAFLD diagnosis methods are required. In addi-
tion, in this study, FRS was applied to predict
10-year cardiovascular risk. Switching to B/F/
TAF was found to be associated with decreased
FRS, whereas FRS was found to increase mildly
in the E/C/F/TAF group, indicating that B/F/TAF
instead of E/C/F/TAF could be related to cardio-
vascular risk reduction. In a prospective study
involving 2283 PLWH, FRS was found to accu-
rately reflect risk of CVD events [30]. Thus, we
have reason to believe that switching to B/F/TAF
reduces cardiovascular risk in PLWH.

To investigate the long-term effects of dif-
ferent ART regimen on lipid metabolism,
detailed lipidomic analysis was used to identify
the specific lipid species that are significantly
altered over 24 weeks treatment. In the lon-
gitudinal analysis, treatment with E/C/F/TAF
was accompanied by a persistent elevation of
several DGs and LPCs, while switching to B/F/
TAF appeared to induce a substantially greater
change in plasma lipid species, with increased
levels of Cers, LPCs, PCs, PGs SMs, and Sos. We
then made a horizontal comparison at week 24
to assess the lipid metabolism characteristics of
the different ART regimens. It was observed that
in comparison with E/C/F/TAF, B/F/TAF seems
to have less effect on DGs (FC 0.004-0.389)
and TAGs (FC 0.070-0483). Additionally, we
identified significant associations of multiple
TAGs and DGs with future CVD risk in this
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prospective cohort, which is in accordance with
previous studies [31-33]. Notably, however, sev-
eral DGs and TAGs such as DG (16:0/18:2), DG
(18:2/22:6), DG (18:3/18:2), DG (20:5/18:2),
TAG (18:3/18:2/21:5), and TAG (20:5/18:2/22:6)
were newly identified to be associated with CVD
risk after fully adjusted analyses. LPCs have
been previously proposed as possible proin-
flammatory and proatherosclerotic lipids [34].
Further lipidomic research has revealed that the
fatty acid composition of LPC particles plays a
crucial role in their function. LPCs containing
saturated fatty acids (SaFAs) are proinflamma-
tory, while LPCs containing polyunsaturated
fatty acids (PUFAs) are antiinflammatory [34].
Elevated circulating SaFAs are associated with
a greater risk of CVD, whereas increased PUFA-
containing LPCs appear to be associated with a
lower risk of CVD and mortality in PLWH [35,
36]. In addition, Chai et al. found that lipid
species associated with the risk of carotid artery
plaque in LPCs have lower carbon numbers and
double-bond contents, which is in line with our
results [37]. In this study, LPC (34:2), LPC (34:3),
and LPC (38:5), increased in the B/F/TAF group,
were negatively associated with FRS. However,
LPC (22:6), a PUFA-containing LPC with six
double bonds, was found to be positively cor-
related with FRS, and the association remains
robust when adjusting for age, sex, BMI, TC, and
HDL-C. Further work is required to assess the
relationship between LPC levels and CVD risk.
Sphingolipids and especially Cers are impor-
tant bioactive lipids involved in atherosclero-
sis, and their predictive value for cardiovascu-
lar risk is superior to that of LDL-C [38, 39]. In
the present study, Cer (d18:1/24:1) was found
to increase with B/F/TAF treatment and to be
positively associated with FRS, which is consist-
ent with previous results in PLWH [40]. Distinct
from previous related studies, Cer (d30:0), Cer
(d32:0), Cer (d33:0), Cer (d36:0), and Cer (d38:0)
were inversely correlated with FRS. This differ-
ence may be explained by the distinct fatty acid
compositions of Cer particles and requires fur-
ther study. Sphingoshines, another sphingolipid
increased in the B/F/TAF group, was observed
to be upregulated in PLWH despite receiving
ART treatment [41]. Sphingoshines act as first
and second messengers, playing a crucial role

in regulating pathobiological processes, such as
cancer, inflammation, and infectious diseases
[42]. However, the relationship between sphin-
goshines and clinical cardiovascular disease
remains poorly defined and warrants further
investigation.

Together, our data show significant differences
in lipid metabolism between the two groups, but
the reason for this discrepancy remains obscure.
Although TAF-containing regimens were previ-
ously thought to be related to a worsening of
lipid profile, TAF exposure is comparable for the
E/C/F/TAF and B/F/TAF groups due to the inhibi-
tory effect of cobicistat on p-glycoprotein (P-gp)
and breast cancer resistance protein (BCRP)
transporters [43]. Cobicistat, a pharmacological
booster, shows a lower potential for worsening
lipid metabolism compared with ritonavir, but
further investigation into the effects of cobi-
cistat on lipid dysregulation is warranted [44].

To our knowledge, this is the first prospective
lipidomic study that has identified lipid spe-
cies that may be related to a better metabolism
profile and lower CVD risk with the use of B/F/
TAF rather than E/C/F/TAF. However, our study
does have some limitations. First, the study
was limited by a small sample size and residual
confounding biases. Nevertheless, we selected
stable PLWH with no other comorbidities or
medications that might have an impact on the
metabolic profile and to eliminate heterogeneity
within the sample. Additionally, there were no
significant demographic, clinical, or laboratory
differences at baseline between the two groups.

Second, the study was limited by a short dura-
tion of follow-up and a lack of incidence of CVD
events. Previous studies have indicated that sig-
nificant alterations of lipidomic can happen in
a short time frame [45], and in this study, STEM
analysis was used to identified continuously
changing metabolites. Although the FRS, a well-
recognized CVD risk-assessment tool, was used
to estimate the future risk of CVD for PLWH,
we have to admit that direct measurement of
CVD events is the gold standard for assessing
cardiovascular risk. Therefore, longer-term stud-
ies to evaluate how alterations in lipidomic pro-
files may influence the incidence of actual CVD
events are required.
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Third, the study population was mainly mid-
dle-aged Chinese men, preventing extrapola-
tion of our findings to other populations. We
acknowledge that this gender distribution may
introduce a bias in interpreting the impact of
ART on lipidomic profile changes and its sub-
sequent cardiovascular risk implications. Men
and women exhibit significant physiological
and metabolic differences that can influence the
impact of ART on lipid profiles. For instance,
differences in sex hormone levels can affect
lipid metabolism, with women typically having
higher levels of HDL-C and a lower risk of cardi-
ovascular diseases [46]. In addition, gender may
influence individuals’ responses to ART, includ-
ing drug metabolism rates, the incidence of side
effects, and treatment efficacy [47]. In future
research endeavors, it is necessary to increase
the sample sizes and ensure a more balanced
representation of gender ratios within study
populations so as to enhance the applicability
and generalizability of our findings.

Finally, even though over a thousand indi-
vidual lipids were identified in this study, the
non-targeted lipidomic approach was restricted
to lipid compounds known in the database, pos-
sibly overlooking some interesting but unchar-
acterized compounds. Furthermore, the levels
of lipid species were semi-quantified without
absolute values, and thus a targeted lipidomic
on specific interesting lipid species is required
to better understand the underlying biological
mechanisms.

CONCLUSIONS

In summary, this lipidomic study identified
a significant distinction in lipid metabolism
between PLWH on E/C/F/TAF and those on B/F/
TAF regimens. The different alteration lipid pro-
files in participants between the groups suggests
that E/C/F/TAF may promote DG, TAG, and LPC
accumulation, which is closely associated with
future CVD risk, whereas B/F/TAF has a ben-
eficial effect on lipid profile and is associated
with CVD risk reduction. In addition, we newly
identified a range of individual lipid species

associated with risk of future CVD, independ-
ent of clinical factors.

Overall, our findings provide potential
opportunities for new intervention strategies
(e.g., switching ART regimen, lifestyle, drugs)
to prevent or mitigate CVD progression by
modifying lipid metabolism. Further explora-
tion with larger cohorts is required to validate
our preliminary findings and determine the
exact role of the lipid species in CVD.
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