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Background. Increases in lipids have been observed in people with HIV (PWH) switching from tenofovir disoproxil fumarate
(TDF) to tenofovir alafenamide (TAF). We assessed changes in low-density lipoprotein cholesterol (LDL-C) and triglycerides (TG)
following a switch from TDF to TAE

Methods. Adults with 21 lipid measure before and after switch from TDF to TAF were identified in the OPERA cohort.
Multivariable linear regression using generalized estimating equations was used to estimate predicted changes in lipids over time on
TAFE, modeled flexibly with linear splines.

Results. A total of 6451 PWH switched from TDF to TAF, of whom 4328 maintained all other agents. LDL-C increased signifi-
cantly by 1.40 mg/dL/mo over the first 3 months on TAE by 0.33 mg/dL/mo between 3 and 9 months and then plateauing beyond 9
months. TG increased significantly by 3.52 mg/dL/mo over the first 3 months of TAF, by 0.91 mg/mL/mo between 3 and 9 months
and by 0.72 mg/mL/mo between 9 and 16 months, but decreased thereafter. Similar patterns were observed in analyses restricted to

PWH who switched from TDF to TAF but maintained all other agents.

Conclusions.

TDF-to-TAF switch was associated with LDL-C and TG increases over the first 9 to 16 months on TAF. The dy-

namic patterns observed cannot be attributed to changes in other agents.

Keywords.

cohort; lipids; low-density lipoprotein cholesterol; tenofovir alafenamide; tenofovir disoproxil fumarate; triglyceride.

Tenofovir disoproxil fumarate (TDF) is a commonly used
backbone agent in antiretroviral therapy for people with
HIV (PWH). Tenofovir alafenamide (TAF), a pro-drug of
tenofovir, has been gaining popularity since its approval in
the United States. Compared with TDE, TAF has been asso-
ciated with lower risk of bone [1-5] and renal [6-9] toxicity,
leading many virologically suppressed PWH to switch from
TDF to TAFE.

However, several studies have reported an association be-
tween TDF use and a reduction in lipid levels [10-16]. What
is more, there have recently been several reports of weight gain
associated with TAF use [17-25]. Whether such weight gain
also translates into other metabolic complications has yet to be
established, although a worsening of lipid profiles following a
switch from TDF to TAF has been demonstrated in preliminary
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work in the OPERA cohort among virologically suppressed
PWH [26]. In clinical trials, TDF use appeared preferable to
TAF when considering lipid profiles [6, 27-30]. However, the
long-term impact on lipids of removing TDF from a stable reg-
imen to replace it with TAF remains unclear in real-world clin-
ical practice, as most previous observational studies were small,
had short follow-up times, did not look at TDF-to-TAF switch
directly, did not evaluate the impact of boosting agents, or did
not control for potential confounders [31-40].

The objective of this study was to assess changes in low-den-
sity lipoprotein cholesterol (LDL-C) and triglyceride (TG)
levels over time following a switch from TDF to TAF among
virologically suppressed PWH receiving routine clinical care in
the United States.

METHODS

Study Population

Data from the Observational Pharmaco-Epidemiology
Research and Analysis (OPERA) cohort were utilized. The
OPERA cohort is a database of prospectively captured clinical
data from the electronic health records of 93170 PWH at 84
clinics across the United States (18 states and 1 US territory) at
the time of this study. The OPERA database obtains annual in-
stitutional review board (IRB) approval from Advarra IRB, in-
cluding a waiver of informed consent and authorization for the
use of protected health information.
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All PWH at least 18 years of age were included if they had
at least 4 weeks of TDF use and switched directly from TDF
to TAF between November 5, 2015, and March 31, 2018. All
included PWH had at least 1 lipid panel while on TDF within
6 months before switch as well as at least 1 lipid panel at any
time while on TAF. Follow-up started at the date of switch from
TDF to TAF until (1) discontinuation of TAFE, (2) cessation of
continuous clinical activity (patients censored 12 months after
their last contact), (3) death, or (4) study end (June 30, 2018),
whichever occurred first.

Measurements

The results of every lipid panel captured in the electronic health
record (EHR) during the study period were used. Repeated
measures of LDL-C and TG were considered continuously.
Direct and calculated LDL-C values provided by the lab were
used. If no LDL-C value was provided with a lipid panel and TG
was <400 mg/dL, then LDL-C was calculated as LDL-C = total
cholesterol - high-density lipoprotein cholesterol - (TG/5);
LDL-C was otherwise set to missing.

Severity of dyslipidemia was defined using the NCEP ATP
III Dyslipidemia Categorization [41]. For LDL-C, dyslipidemia
was defined as levels 23.3-<4.1 mmol/L (2130-<160 mg/dL),
and severe to very severe dyslipidemia was defined as levels
24.1 mmol/L (2160 mg/dL). For TG, dyslipidemia was defined
as levels 22.25-<5.64 mmol/L (2200-<500 mg/dL), and severe
dyslipidemia was defined as levels 25.64 mmol/L (2500 mg/
dL). Only the last lipid panel while on TDF and the first lipid
panel at least 7 days after switch to TAF were considered for
dyslipidemia categorization, although all lipid panels on TAF
were included for modeling.

Baseline characteristics were measured at the time of switch.
Preswitch characteristics were measured at the time of the last
lipid panel on TDF, and postswitch characteristics were meas-
ured at the time of the first lipid panel on TAE

Statistical Analyses

Linear regression was used to assess changes in LDL-C or TG
values associated with a 1-month increase in TAF use after
switch. Time on TAF was modeled using linear splines with
knots at 3, 9, and 16 months to flexibly assess the relationship
between time on TAF and lipid changes without making a
strong assumption of linearity. Linear splines were selected be-
cause they provide easily interpretable estimates while relaxing
the assumption of linearity. The position of knots was selected
based on data distribution (first quartile, median, third quar-
tile). Repeated lipid measures were used as the outcome, thus
making use of all the data available and allowing a more pre-
cise estimate of changing slopes over time. Models were fit with
generalized estimating equations (GEEs) with an autoregressive
correlation structure to account for the correlated nature of the
data. Models were adjusted for baseline lipid level (LDL-C or

TG, as appropriate), age, sex, and months on TDE as well as
time-updated HIV viral load 250 copies/mL, hormones, statin
use, nonstatin lipid-lowering agent use, boosting agent use, and
protease inhibitor (PI) use. Continuous variables were modeled
with cubic splines.

Sensitivity Analyses

A sensitivity analysis was conducted to assess changes in LDL-C
and TG values over time in a population restricted to PWH
who maintained all other ART regimen components when they
switched from TDF to TAFE. The same model specifications de-
tailed above were used for this sensitivity analysis.

Another sensitivity analysis was conducted to assess if
changes in lipids followed a pattern similar to changes in weight
in the main study population. Repeated measures of weight
were modeled over time on TAF using a univariate linear re-
gression model fit with GEE (autoregressive correlation struc-
ture), with knots at 3, 9, and 16 months.

RESULTS

Study Populations

The main study population included all PWH who switched
from TDF to TAF regardless of other antiretroviral (ARV)
changes (Table 1). It consisted of 6451 PWH followed for a me-
dian (interquartile range [IQR]; max) of 9 (3-16; 32) months.
The median duration of TDF-containing regimens was 29
months. The majority were men (84%) and had an undetectable
viral load at switch (83%). Most did not have a prescription for
a medication that may affect lipid levels at the time of switch.
The subset of PWH who maintained all other ARVs when they
switched from TDF to TAF included 4328 individuals followed
for a median (IQR; max) of 10 (4-16; 32) months. Their charac-
teristics at switch were very similar to those of the overall study
population including all switches (Table 1).

Table 2 summarizes ART regimens prescribed at the time
of the lipid panel on TDF or TAF (all switches) or at the time
of switch (maintained other ARVs). When considering all
switches, the proportion of PWH on a pharmaco-enhanced
regimen increased from 51% to 62%. Of those, the proportion
using cobicistat increased from 69% to 90%. Protease inhibitor
use decreased over time from 24% to 19%, while integrase in-
hibitor use increased from 47% to 65%. When considering only
those who maintained all other ARVs at TDF to TAF switch,
of the 58% using a pharmaco-enhancer, 86% were prescribed
cobicistat. Integrase inhibitors were the most frequently used
anchor class at 61%.

Changes in LDL Cholesterol

Based on the NCEP ATP III Dyslipidemia Categorization for
LDL-C, the proportion of PWH with dyslipidemia increased
from the last lipid panel on TDF to the first lipid panel on TAF,
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Table 1. Demographic and Clinical Characteristics at the Time of
TDF-to-TAF Switch

All Switches Maintained Other
(n =6451) ARVs (n = 4328)
Months on TDF 29 (14-52) 28 (14-46)
preswitch, median
(IQR)
Age, median (IQR), y 48 (38-55) 47 (37-54)
Female, No. (%) 1010 (16) 674 (16)
HIV viral load >50 1103 (17) 620 (14)
copies/mL, No. (%)
Hormone use, No. (%) 554 (8) 372 (9)
Statin use, No. (%) 1112 (17) 732 (17)
Nonstatin lipid-lowering 425 (7) 267 (6)

agent® use, No. (%)

Abbreviations: ARV, antiretroviral; IQR, interquartile range; TAF, tenofovir alafenamide; TDF,
tenofovir disoproxil fumarate.

“Cholestyramine, ezetimibe, fibrate, niacin, omega-3.

from 12% to 15%. The proportion with severe dyslipidemia
increased from 3% to 6%. Similarly, among the subgroup
who maintained all other ARVs, the proportion of PWH with
dyslipidemia increased from 11% to 15%, and the propor-
tion with severe dyslipidemia increased from 3% to 6%, from
the last lipid panel on TDF to the first lipid panel on TAF
respectively.

Adjusted rates of change in LDL-C among all PWH who
switched from TDF to TAF were estimated as average pre-
dicted LDL-C values over time (Figure 1, Table 3). LDL-C in-
creased statistically significantly over the first 3 months after
switch, at a rate of +1.40 mg/dL per month (95% CI, 1.19
to 1.60). LDL-C values continued to increase over the next
6 months, albeit at a slower rate of +0.33 mg/dL per month
(95% CI, 0.20 to 0.46) between 3 and 9 months after switch.
Beyond 9 months after switching from TDF to TAF, no statis-
tically significant change in LDL-C cholesterol was detected

Table 2. ART Regimens Pre- and Postswitch (All Switches) or at the Time
of Switch From TDF to TAF (Maintained Other ARVs)

Maintained Other

All Switches (n = 6451) ARVs (n = 4328)
Preswitch, Postswitch,
No. (%) No. (%) No. (%)

Pharmaco-enhancer
Any 3289 (51) 3998 (62) 2494 (58)
Ritonavir 1032 (31) 405 (10) 350 (14)
Cobicistat 2269 (69) 3582 (90) 2144 (86)
Anchor agent
Protease inhibitor 1566 (24) 1228 (19) 790 (18)
Non-nucleoside reverse 2319 (36) 1546 (24) 1151 (27)

transcriptase inhibitor
Integrase strand 3007 (47) 4185 (65) 2657 (61)

transfer inhibitor
Other class 46 (1) 41 (1) 30 (1)

Abbreviations: ARV, antiretroviral; ART, antiretroviral therapy; TAF, tenofovir alafenamide;
TDEF, tenofovir disoproxil fumarate.

over time (9-16 months: +0.06 mg/dL per month; 95% CI,
-0.05 to 0.16; 16+ months: +0.03 mg/dL per month; 95% CI,
~0.07 to 0.12).

Similar rates of LDL-C changes over time on TAF were ob-
served among those who maintained all other ARV (Table 3).
Indeed, the rates of LDL-C increases were statistically signif-
icant initially (0-3 months: +1.72 mg/dL per month; 95% CI,
1.47 to 1.96; 3-9 months: +0.27 mg/dL per month; 95% CI,
0.11 to 0.42), before reaching a plateau beyond 9 months after
the switch from TDF to TAF (9-16 months: +0.10 mg/dL per
month; 95% CI, -0.03 to 0.23; 16+ months: -0.00 mg/dL per
month; 95% CI, -0.11 to 0.11).

Changes in Triglycerides

Amongall PWH who switched from TDF to TAF, the proportion
with TG levels corresponding to dyslipidemia increased from
20% at the last lipid panel on TDF to 24% at the first lipid panel
on TAF. The proportion with severe dyslipidemia increased
from 2% to 5%. Similarly, in the subset of PWH who main-
tained all other ARVs, the proportion with TG dyslipidemia in-
creased from 19% on TDF to 24% on TAF and the proportion
with severe dyslipidemia increased from 2% to 3%.

Figure 2 and Table 4 present changes in TG levels over
time after a switch from TDF to TAE including all switches.
Statistically significant increases in TG were observed early
after the switch. Indeed, the rate of TG change was estimated at
+3.52 mg/dL per month (95% CI, 2.48 to 4.56) over the first 3
months of TAE Increases in TG then slowed down to a rate of
+0.91 mg/mL per month (95% CI, 0.26 to 1.56) between 3 and
9 months after switch and to 0.72 mg/mL per month (95% CI,
0.18 to 1.25) between 9 and 16 months after switch. However,
predicted TG levels decreased statistically significantly beyond
16 months, at a rate of -0.50 mg/mL per month (95% CI, -0.95
to -0.05).

Similar patterns of TG changes over time on TAF were ob-
served in the subset of PWH who maintained all other ARVs
(Table 4). Statistically significant increases in TG were de-
tected in the first 3 months (+4.58 mg/dL per month; 95% CI,
3.25 to 5.92), from 3 to 9 months after switch (+1.18 mg/dL
per month; 95% CI, 0.32 to 2.04), and from 9 to 16 months
after switch (+0.79 mg/dL per month; 95% CI, 0.11 to 1.47).
A statistically significant decrease in TG levels was then ob-
served beyond 16 months (-0.61 mg/dL per month; 95% CI,
-1.18 to -0.03).

Rates of Body Weight Changes

In an unadjusted sensitivity analysis, rates of weight gain fol-
lowed a similar pattern as rates of lipid changes. Indeed, the
fastest weight gain occurred immediately after switch, with
rates of 0.25 kg per month (95% CI, 0.21 to 0.29) over the first
3 months and 0.10 kg per month (95% CI, 0.07 to 0.13) from
3 to 9 months after switch. Weight gain then slowed down to
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Figure 1.

Adjusted predicted LDL cholesterol over time after TDF-to-TAF switch, estimated from a linear regression model with linear splines, all switches (n = 6451).%

“Estimated from a linear regression model fit with generalized estimated equations, with linear splines on time (knots at 3, 9, 16 months); reference covariate pattern: male
aged 45, on TDF for 24 months and with an LDL value of 98 mg/dL at the last lipid panel before switch, a viral load <50 copies/mL throughout follow-up, and no hormone,
statin, nonstatin lipid-lowering agent, pharmaco-enhancer, or Pl use at any point during follow-up. Abbreviations: LDL, low-density lipoprotein; PI, protease inhibitor; TAF,

tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

0.02 kg per month (95% CI, -0.01 to 0.05) from 9 to 16 months
and 0.04 kg per month (95% CI, 0.01 to 0.07) after 16 months.

DISCUSSION

In the OPERA cohort, switching from TDF to TAF was as-
sociated with an initial worsening of LDL-C and TG levels
that was reflected in increasing proportions with dyslipidemia
after switch. The magnitude of lipid increases observed in
this OPERA study was clinically meaningful. Indeed, the pro-
portion of PWH with dyslipidemia or severe dyslipidemia
increased by 6% (LDL-C) to 7% (TG) at the first lipid panel
after switch, corresponding to 451 additional PWH with con-
cerning levels of dyslipidemia that may contribute to increased
risk of atherosclerotic cardiovascular disease (ASCVD) [41,

Table 3. Rates of Change in LDL Over Time After a Switch From TDF to
TAF?

All Switches (n = 6451) Maintained Other ARVs (n = 4328)

Rates® of LDL changes, mg/dL/mo (95% ClI)

0-3 mo 1.40 (1.19 to 1.60) 1.72 (1.47 to 1.96)
3-9 mo 0.33 (0.20 to 0.46) 0.27 (0.11 t0 0.42)
9-16 mo 0.06 (-0.05 to 0.16) 0.10 (-0.03 to 0.23)
16+ mo 0.03 (-0.07 t0 0.12) -0.00 (-0.11 t0 0.11)

Abbreviations: ARV, antiretroviral; LDL, low-density lipoprotein; Pl, protease inhibitor; TAF,
tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

Estimated from a linear regression model fit with generalized estimated equations, with
linear splines on time (knots at 3, 9, 16 months), adjusted for baseline LDL, age, months
on TDF, sex, and use of a Pl and/or a boosting agent, as well as time-updated HIV viral load
and use of hormones, statins, and/or nonstatin lipid-lowering agents.

42]. In addition, average predicted LDL-C levels increased
over time after a switch from TDF to TAE Such increases were
rapid and statistically significant in the first 3 months on TAF
(+1.40 mg/dL per month), but persisted, albeit at a slower but
still statistically significant rate of increase, after 3-9 months
on TAF (+0.33 mg/dL per month), followed by a plateau of
LDL-C levels beyond 9 months. Similarly, average TG levels
also increased rapidly and statistically significantly following
the switch from TDF to TAF in the first 3 months (+3.52 mg/
dL per month) and continued to increase at a slower rate after
3 to 9 months (+0.91 mg/dL per month) and 9 to 16 months
on TAF (+0.72 mg/dL per month). However, mean TG levels
decreased statistically significantly beyond 16 months of TAF
use (-0.50 mg/dL per month). Similar LDL-C and TG patterns
were observed in the subset of the population that maintained
all other ARV, suggesting that the observed increases cannot
be attributed to changes in other ARVs. Of note, despite an
eventual plateau of LDL-C and decrease of TG levels, neither
returned to baseline levels over 32 months of follow-up on
TAE

These results from the OPERA cohort are consistent with
previous TDF-to-TAF switch studies, which have shown a
worsening of lipids after switch. In trials of virologically sup-
pressed PWH, lipid levels increased slightly in groups random-
ized to switch to TAF, while they remained stable in groups
maintaining or switching to TDF [27-30]. Interestingly, in a
meta-analysis, among ART-naive PWH in 3 trials, although
point estimates were aligned with the OPERA study findings, no
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Figure 2. Adjusted predicted triglyceride levels over time after TDF-to-TAF switch, estimated from a linear regression model with linear splines, maintained other ARVs
(n = 4328).* *Estimated from a linear regression model fit with generalized estimated equations, with linear splines on time (knots at 3, 9, 16 months); reference covariate
pattern: male aged 45, on TDF for 24 months and with a triglyceride value of 163 mg/dL at the last lipid panel before switch, a viral load <50 copies/mL throughout follow-up,
and no hormone, statin, nonstatin lipid-lowering agent, pharmaco-enhancer, or Pl use at any point during follow-up. Abbreviations: LDL, low-density lipoprotein; PI, protease
inhibitor; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate; TG, triglycerides.

statistically significant difference was detected in either LDL-C
changes (TAF: +20.0 mg/dL; TDF: +4.5 mg/dL; P = .124) or TG
changes (TAF: +24.0 mg/dL; TDF: +1.5 mg/dL; P = .111) [6].
Moreover, in the same meta-analysis, among ART-experienced
PWH from 2 trials, the mean change in TG was statistically
greater with a switch to TAF (+10.5 mg/dL) compared with
maintaining TDF (-2 mg/dL; P =.002), although no statis-
tically significant difference was observed in LDL-C changes
(TAF: +11 mg/dL; TDF: +1 mg/dL; P = .109) [6].

Several observational studies have investigated changes
in lipid levels after a switch from TDF to TAF, with findings
aligning with this OPERA study. In studies with postswitch
lipid measurements taken a median of 1.5-12 months after

Table 4. Rates of Change in Triglycerides Over Time After a Switch From
TDF to TAF?

Maintained Other ARVs

All Switches (n = 6451) (n =4328)

Rates® of triglyceride changes, mg/dL/mo (95% CI)

0-3 mo 3.52 (2.48 to 4.56) 4.58 (3.25 t0 5.92)
3-9 mo 0.91 (0.26 to 1.56) 1.18 (0.32 to 2.04)
9-16 mo 0.72 (0.18 to 1.25) 0.79 (0.11 to 1.47)
16+ mo -0.50 (-0.95 to -0.05) -0.61 (-1.18 to -0.03)

Abbreviations: ARV, antiretroviral; LDL, low-density lipoprotein; Pl, protease inhibitor; TAF,
tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

Estimated from a linear regression model fit with generalized estimated equations, with
linear splines on time (knots at 3, 9, 16 months), adjusted for baseline LDL, age, months
on TDF, sex, and use of a Pl and/or a boosting agent, as well as time-updated HIV viral load
and use of hormones, statins, and/or nonstatin lipid-lowering agents.

switch, statistically significant increases were observed in
LDL-C (range, 6-25 mg/dL) and TG (range, 12-21 mg/dL) [31,
32, 35, 39, 40]. Only 1 small observational study of 48 PWH
switching from TDF to TAF found no significant difference
in LDL-C and TG levels over at least 12 months on TAF, al-
though the magnitude of change estimated was comparable to
other studies [33]. These studies were all considerably smaller in
size, each including <600 PWH, as opposed to the 6451 PWH
included in this OPERA study. Moreover, these studies only
compared 2 lipid measurements, 1 at baseline and 1 during fol-
low-up, and could not introduce any flexibility in the patterns
of lipid changes.

It appears the other ARVs taken in combination with TAF
may have affected the magnitude of lipid changes observed after
a switch from TDF to TAF Indeed, in 1 study of PWH switching
from TDF to TAF who maintained their anchor agent, increases
in lipids were observed after switch, regardless of the regimen.
However, the magnitude of change differed by regimen, and
when cardiovascular risk was assessed, those using cobicistat
were 2.5 times more likely to have an LDL-C level above the
cardiovascular target compared with PWH not using cobicistat
[40]. In this OPERA study, while changes in lipids were not esti-
mated for different regimens, the use of PIs and boosting agents
was nonetheless controlled for in statistical models. Moreover,
a sensitivity analysis restricted to only PWH who maintained
all other ARVs in the regimen confirmed that changes in
other ARV agents could not explain away the changes in lipids
observed.
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Whether increases in LDL-C and TG after a switch from
TDF to TAF are associated with TAF initiation or the loss of
the lipid-lowering effect of TDF remains to be answered, al-
though the persistent rises in lipids up to and beyond 9 months
after cessation of TDF observed in this analysis suggest that
the changes are unlikely to be solely related to loss of lipid-
lowering effect from TDE While there is evidence of higher
total cholesterol, LDL-C, and high-density lipoprotein cho-
lesterol levels with TAF compared with any other backbones
[31], it has been suggested that increases in total cholesterol
and LDL-C levels after a switch to TAF may only be observed
when switching from TDE but not when switching from
any other backbone [43]. However, a study comparing PWH
starting a regimen of elvitegravir/cobicistat/emtricitabine and
either TDF or TAF showed stable LDL-C levels in those taking
TDF but statistically significant increases after 48 weeks
among those on TAF [36]. Moreover, increases in lipid levels
observed after a switch from TDF to TAF have been shown to
come back down after switching back to TDF in an observa-
tional study in Germany [34].

The patterns of lipid changes described in this study also
correspond to changes in body weight, with more rapid unad-
justed weight gain within the first 9 months after switch in an
unadjusted sensitivity analysis. Such weight gain was also ob-
served in a more comprehensive study of weight changes before
and after a switch from TDF to TAF in OPERA [25]. In that
study, depending on the core agents used, only modest adjusted
weight gain was observed while on TDF (0.24 to 0.71 kg/y), but
adjusted mean increases in weight over the first 9 months after
switch to TAF ranged from 1.8 to 4.5 kg/y, followed by a decel-
eration or plateau in mean weights [25]. Such parallels suggest
that beyond the TAF-associated weight gains reported in recent
studies [18-25], a switch from TDF to TAF may have additional
negative metabolic effects accompanying weight gain.

This study is not without limitations. While the OPERA co-
hort is representative of HIV care in the United States, these re-
sults may not be representative of the risk in other populations.
Residual confounding remains possible, as behavioral factors
such as diet are generally poorly recorded in EHRs. While the
use of linear splines relaxed the assumption of linearity, it may
not have provided the best fit to the data. However, estimates
generated with linear splines are easy to interpret and provide
meaningful estimates of rates of change over different periods
of time. Another limitation of this study is the absence of a con-
trol group. Indeed, either the inclusion of a group of PWH who
maintained TDF throughout follow-up or the assessment of
lipid changes before the TDF-to-TAF switch could have pro-
vided a contrast against which to compare changes in lipids
after a switch to TAF In addition, the impact of different anchor
agents on lipids was not evaluated. Therefore, an interaction be-
tween TAF and other ARVs cannot be ruled out. However, the
sensitivity analysis restricted to those who maintained all other

ARVs suggested that switching from TDF to TAF may result
in lipid increases regardless of the anchor agent used. Finally,
information on fasting status can be limited in EHR data, and
the inclusion of both fasting and nonfasting lipid measurements
cannot be ruled out, although this concern is alleviated by the
fact that either random or fasting lipid profiles are currently re-
commended in HIV treatment guidelines [42, 44].

Importantly, this study has several strengths. The OPERA co-
hort is comprised of a diverse population of PWH in the United
States and represented ~8% of PWH in care in the United States
at the time of this study. Moreover, the demographic character-
istics of the OPERA population are representative of the HIV
epidemic in the US population [45]. This rich database yielded
a very large study population of 6451 PWH who switched di-
rectly from TDF to TAE Statistical models were adjusted for
both baseline and time-varying covariates that could confound
the relationship between time on TAF and lipid levels, including
lipid-lowering agent prescriptions. Linear splines on time since
switch to TAF introduced some flexibility and uncovered dy-
namic patterns of change in LDL-C and TG over time on TAE.
Finally, the results generated were robust to a sensitivity analysis
restricted to PWH who maintained all other ARVSs. Therefore, it
is unlikely that the observed increases in LDL-C and TG could
be attributed to changes in other ARVs.

In conclusion, to the best of our knowledge, this is the first
study to show the dynamic patterns of LDL-C and TG fluctu-
ations over time after a switch from TDF to TAE Both lipids
investigated tended to increase rapidly over the first 3 months
of TAF use and persist up to and beyond 9 months after switch
to TAF before reaching a plateau or a decline. These patterns
were robust to a sensitivity analysis in which all other ARVs
remained the same, suggesting that a switch from TDF to TAF
may indeed be associated with a rise in LDL-C and TG, regard-
less of anchor or boosting agents used. Thus, clinical judgment
must be used when considering a switch from TDF to TAF,
weighing the risks of dyslipidemia and weight gain against the
benefits to kidney and bone health.
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