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Abstract

The risk of developing non-AIDS events (NAEs) remains higher in persons living with HIV-1 (PLWH) com-
pared to the general population despite progress made in the treatment by antiretroviral (ARV). Particular
attention is therefore given to the management of risk factors associated with NAEs during the follow-up
of PLWH, including overweight. Factors associated with weight gain in PLWH are multifactorial and include
demographics, HIV disease-related, lifestyle, cultural, and antiretroviral therapy (ART)-associated factors.
All these confounding factors make it difficult to interpret the potential link between ARVs and weight gain.
In antiretroviral treatment- experienced PLWH, confounding factors such as the return to normal health or
the advanced stage of disease can be ruled out compared to naive patients which somewhat facilitates
the interpretation of weight gain. Weight gain after ART switch is modest, not generally a big concern in
clinical practice in this population and correlated more strongly with baseline regimen, especially after the
stop of TDF or EFV, than with sex-, race-, or HIV-related factors. It remains uncertain whether this is due to
the loss of a weight suppressive effect of prior regimens with older agent such as TDF or EFV or a weight
gain effect of the newer regimens especially TAF and/or INSTI, or both. The mechanisms linked to weight
gain attributed to the new ARVs as well as its possible reversibility are not yet elucidated. Clinicians who
switched ARV regimen of experienced PLWH should be aware of this side effect and of this potentially
consequences on the global health.
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the risk of developing non-AIDS events (neoplastic,
cardiovascular, renal, liver, brain diseases, etc.) re-
] ) . mains higher compared to the general population’,

By controlling the viral load (VL) and restoring Cel-  p| i are exposed to chronic immune activation, tox-
lular immunity, the initiation of antiretroviral therapy isities of antiretroviral drugs (ARVs) and higher and
(ART) has improved the health status and life expec-  cumulative exposure to certain lifestyle risk factors,
tancy of people living with HIV (PLWH) reducing dra-  which partly explain this higher risk of developing
matically HIV-related complications. On the other hand, non-AIDS events (NAEs)*°. Particular attention is there-
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fore given to the management of risk factors associ-
ated with NAEs during the follow-up of PLWH, includ-
ing overweight that can also promote the occurrence
of osteoarticular, respiratory, obstetric, or psychologi-
cal complications®.

Weight gain in PLWH can be multifactorial: return
to normal health in naive patients, ARV effect (better
tolerance and direct effect potentially linked to the
molecule), taking other drugs or toxicants, hormonal
status, initial body mass index (BMI), age, healthy
lifestyle, demographics and cultural differences, spe-
cial situations (lockdown linked to COVID for exam-
ple) and obesogenic environment marked by an
increase in the prevalence of obesity worldwide*”8.
In antiretroviral treatment experienced PLWH, con-
founding factors such as the return to normal health
or the advanced stage of disease can be ruled out
and make it more easier to interpret weight gain.
Switch studies also make it possible to follow the
modification of the weight associated with the switched
molecule, insofar as it is the only modified variable
and that we have the weight and baseline regimen
data prior to the switch.

But the mechanisms linked to the possible weight
gain attributed to the new ARVs as well as its possible
reversibility are not yet elucidated® ™. The aim of this
review is to discuss current knowledge regarding
weight gain in antiretroviral treatment - experienced
PLWH based on randomized controlled trials (RCTs)
and large cohort studies recently published in the lit-
erature.

Materials and methods

This review is based on large cohort studies and
RCTs published from 2015 to 2022 in the English lan-
guage found in PubMed using keywords “weight gain”
or “obesity” or “suppressed/experienced-treated HIV
infected patients” or “ART” or “integrase strand trans-
fer inhibitors” or “tenofovir alafenamide fumarate
(TAF)” or “tenofovir disoproxil fumarate” or “efavirenz”
or “protease inhibitors.” We also used data from ab-
stracts presented at major HIV/AIDS international con-
ferences (European AIDS Clinical Society (EACS),
Conference on Retroviruses and Opportunistic Infec-
tions (CROI), International AIDS Society (IAS), and HIV
Glasgow conference). Our analysis intentionally tar-
gets antiretroviral treatment-experienced HIV patients
because the evaluation of weight gain for naive pa-
tients has been the subject of a previous publication®.
To try to obtain relevant data, we decide arbitrarily to

include only large cohort studies (n > 500) and RCTs
(n = 400).

Weight gain in antiretroviral
treatment- experienced PLWH

Weight gain has been evaluated in RCTs'*?® and
cohort studies®% in antiretroviral treatment-experi-
enced PLWH (see Supplemental Tables 1 and 2, re-
spectively).

RCTs in antiretroviral treatment
experienced PLWH (Table S1)

Switch to Integrase Strand Transfer Inhibitor
(INSTI)

NEAT 022'3 is a European multicentre RCT compar-
ing switch (immediate or deferred switch at 48 weeks
(W)) to a dolutegravir (DTG)-based regimen from a
boosted protease inhibitor (bPl)-based regimen for
maintenance of HIV viral suppression in patients with
high cardiovascular risk. Initial backbone was similar
for both groups (tenofovir disoproxil fumarate (TDF)/
emtricitabine (FTC) ~ 65%; abacavir (ABC)/lamivudine
(8TC) ~ 31%). A sub study of NEAT 022'% shows that
suppressed patients with immediate switch to DTG
(n = 205) have a little, but statistically significant,
weight gain (+ 0.82 kg) and BMI gain (+ 0.272 kg/m?)
compared with deferred patients (+ 0.25 kg and +
0.064 kg/m?, respectively) at 48 W. After adjustment
for baseline BMI, switching from darunavir (DRV) to
DTG-regimen was the only independent factor associ-
ated with BMI gain (p = 0.018)'.

BRAAVE™ is a United States (US) multicentre RCT
comparing suppressed patients who shift to bictegravir
(BIC)ITAF/FTC (n = 330) versus no immediate shift
(n = 165) in African-American population. At baseline,
TAF/FTC was the most frequent backbone and INSTIs
was the most frequent baseline 3" agents. The results
show a little weight gain in the immediate shift group
at 24 W (+ 0.9 kg in BIC group vs. + 0.2 kg in no switch
group) then remaining stable (+ 0.9 kg) at 48 W. In the
men sub-analysis, median weight change at 24W was
similar between groups but among women, a treatment
difference was noted (+ 1.0 kg in BIC group vs. -0.4 kg
in no immediate switch group). Participants who
switched to BIC/FTC/TAF from a TDF-containing regi-
men had more median weight gain (+ 1.8 kg) com-
pared with those taking TAF (+ 0.8 kg) and ABC (+
0.7 kg) containing regimens.
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TANGO'8 is an international multicentre phase 3 RCT
comparing switch to DTG/3TC regimen versus stay on
TAF-based regimen in suppressed PLWH. Weight gain
was similar at 96 W in the two groups (+ 0.81 kg vs. +
0.76 kg) and weight gain > 10% was low in both
groups. However, a greater weight gain was observed
in both groups if taking TAF pre-switch was < 1 year
ago (+ 1.45 kg vs. + 1.35 kg). After 144 W, mean
weight change was not statistically different between
the 2 arms (+ 2.2 kg vs. + 1.7 kg)" suggesting that
stopping TAF does not lead to a substantial change in
weight. However, TAF ceased and DTG started to-
gether, so neither assessed alone. It should be noted
that elvitegravir (EVG) was the most represented INSTI
of the baseline regimen (~ 66% for each group), sug-
gesting that weight gain on EVG is low or that its dis-
continuation could also contribute to weight gain.

SALSA™ is an international multicentre phase 3 RCT
comparing switch to DTG/3TC versus remain on the
current ART regimen in suppressed PLWH. At screen-
ing, baseline 3" agent class was ~ 50% NNRTI (most-
ly EFV) and ~ 40% INSTI (mostly DTG). The most
commonly used NRTIs at baseline were FTC and TDF.
TAF was the least represented which differentiates
SALSA study from TANGO study. After 48 W, weight
change was greater in the DTG/3TC group (+ 2.1 kg)
but was similar in both groups for participants with
baseline TAF use (+ 1.6 kg for dual therapy group and
+ 1.4 kg for maintain ART group) (like in TANGO study)
and was greater in the DTG/3TC group for those with
baseline TDF use (+ 2.4 kg), population not repre-
sented in TANGO study, suggesting that stopping TDF
and/or starting DTG would promote weight gain. How-
ever, differences in the TANGO and SALSA study de-
signs and diversity of participant demographics, influ-
ence ability to directly compare results between the
two trials'®.18,

ATLAS™ is an international multicentre phase 3 RCT
comparing based-regimen (~ 60% of participants tak-
ing EFV/TDF/FTC baseline-regimen) versus shift to
Long Acting (LA) Cabotegravir (CAB) + LA Rilpivirine
(RPV) in suppressed PLWH showing that median
weight gain was greater in LA group at 48 W (+ 1.8 kg
vs. + 0.3 kg) but this effect could also be secondary
to the interruption of TDF and EFV taken by a majority
of switched patients rather than a direct effect of the
new ARV regimen.

VISEND? is a trial from a Zambian population on
NNRTI based-regimen (3TC/TDF + NVP or EFV) com-
paring two arms: arm A (patients with VL < 1000
copies/mL: switch to TAF/FTC/DTG (TAFED) or

TDF/3TC/DTG [TLD]) and Arm B (patients with VL
> 1000 copies/mL: switch to TAF/FTC/DTG or TDF/FTC/
DTG or AZT/3TC/LPV/r or ATV/r). In Arm B, weight gain
after switch to DTG (+ 5.4 kg for TAFED and + 5.0 kg
for TLD) was greater than to Pls (+ 2.0 kg for LPV/r
group and + 2.8 kg for ATV/r group) at 48 W.

In Arm A, weight gain was less than Arm B at 48 W
(+ 1.1 kg for TAFED and + 2.8 kg for TLD) but return
to normal health can play a role for weight gain on
patients in Arm B in whom the baseline VL was > 1000
copies/mL.

Otherwise, higher weight gains were observed for
women in arm B receiving DTG and TAF (+ 5.7 kg)
versus Pl-based regimens (+ 2.8 kg for LPV/r group
and + 2.6 kg for ATV/r group) or TDF (+ 3.1 kg).

In the international multicentre RCT GS-US-380-4030
comparing a switch from based-regimen with DTG/
FTC/TAF or TDF to BIC/FTC/TAF or DTG/FTC/TAF in
suppressed PLWH?!, weight gain was greater for pa-
tients initially on TDF versus TAF (+ 2.2 kg vs. + 0.6 kg),
with no differences between the BIC/FTC/TAF and
DTG/FTC/TAF groups overall (+ 1.3 kg vs. + 1.1 kg).

Switch to non-nucleoside reverse-
transcriptase inhibitors (NNRTIs)

DRIVE-SHIFT?? is an international multicentre phase
3 RCT comparing experienced-suppressed patients
taking 2 NRTIs (~ 70% on TDF/FTC) + bPI (~ 70%,
mostly DRV/r) or EVG/cobicistat (c) (~ 5%) or NNRTI ~
24%, mostly EFV) after immediate or late switch (> 24 W)
to DOR/3TC/TDF. Weight gain remained modest in both
groups through at 144W (+ 1.4 kg vs. + 1.2 kQ).

Globally, 40% of participants lost weight or had no
change in weight, 30% gained < 5%, 20% gained
5-10% and 8% gained > 10%. Most participants
(~ 80%) remained in the same BMI category and 9%
of obese patients at time of switch were no longer
obese at 144 W. In both groups, there was no signifi-
cantly difference in term of weight gain by sex or ethnic-
ity. The adjusted mean weight gain at 144 W was sim-
ilar for participants who switched from a bPI regimen
and those who switched from an NNRTI regimen but
was slightly lower for those who switched from EVG/c
regimen but this latter group was relatively small and
most had also received TAF in their previous regimen.

Pooled analysis

Erlandson et al.®® evaluated the effects of demo-
graphic factors, clinical characteristics and ART on
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weight gain in a pooled analysis of 12 Gilead prospec-
tive clinical trials wherein suppressed PLWH were ran-
domized to switch or remain on a stable baseline
regimen (SBR). Median weight gain was greater for
switch participants at 48W (+ 1.6 kg) and at 96
W (+ 2 kg) compared with patients on SBR (+ 0.4 kg
at 48 W and + 0.5 kg at 96 W). The proportion of obese
participants increased from 21% to 25% at 96 W
among switch participants but remained stable among
SBR participants (21%). Baseline ART regimen was a
significant predictor of weight gain after switch: the
greatest risk was switch from EFV to RPV (+ 1.5 kg) or
EVG/c (+ 0.9 kg) compared to staying on EFV and
switch from TDF to TAF (+ 1.6 kg) compared to switch
from ABC to TAF (data not available). Participants stay-
ing on TDF or ABC had similar weight changes to those
who remained on TAF.

Weight change with switch from bPI to EVG/c or BIC
did not differ significantly from staying on a bPI.

Among patients on INSTI-baseline regimen, switch
from DTG to BIC was not significantly different from
remaining on DTG in term of weight change. Switch
from EVG/c to BIC was associated with greater weight
gain (+ 0.7 kg) compared to no switch. Staying on DTG
was associated with greater weight gain (+ 0.6 kg)
than staying on EVG/c.

Among baseline demographic and clinical charac-
teristics, only younger age and lower baseline weight
or BMI were associated with any or > 10% weight gain
while race, ethnicity, sex, and CD4 count were not.

The interpretation of these results must nevertheless
take into account the fact that the RCTs evaluate se-
lected patients, without control compared to the gen-
eral population, younger, and with fewer comorbidities
compared to the population evaluated in the observa-
tional cohorts. In addition, the evolution of the weight
before the switch is not available limiting the interpreta-
tion of the weight gain after the switch.

Cohorts studies in antiretroviral treatment-
experienced PLWH (Table S2)

Switch TDF to TAF

In the US multicentric OPERA cohort?*, a database
of electronic health records from > 100.000 PLWH,
weight gain after switch from TDF to TAF in suppressed
PLWH (n = 6919, only 12% of Black women) is similar
in the 9 months following the switch among all patients
who maintained the third agent (+ 2.43 kg/year), inde-
pendently of the third agent (+ 2.64 kg/year for patients

on INSTI (73% on EVG/c, associated with the least
weight gain within its class); + 2.25 kg/year for patients
on NNRTI (85% on RPV, associated with the most
weight gain within its class); + 1.98 kg/year for patients
on bPI [68% on DRV/r]).

They also observed a stabilization (0.24 kg/year) or
even a decrease in weight after the first 9 months, vari-
able depending on the associated ARVs (+ 0.29 kg/year
for patients on INSTI; + 0.20 kg/year for patients on
NNRTI; —0.11 kg/year for patients on bPI).

In patients who continued taking an INSTI after the
switch, there was no significant difference in terms of
weight gain between DTG, EVG (the most common),
and raltegravir (RAL).

For patients who also switched to an INSTI in addi-
tion to TAF, weight gain at 9 months was greater for
those on BIC (+ 4.47 kg), followed by patients on DTG
(+ 3.09 kg) then finally those under EVG/c (+ 2.55 kQ)
but without statistically significant difference.

Among people switching to EVG/c or DTG, weight
stabilized after the 9-month post-switch period.

Weight gain of patients already on EVG vs those who
switched to EVG is identical in the 9 months after the
switch.

This study could not differentiate between the im-
pacts on weight of removing TDF versus adding TAF
given the lack of direct comparison with a group of
patients maintaining TDF but by modelling weight over
time on TDF, a baseline could be established for how
much weight gain is expected without TAF. Therefore,
the pronounced acceleration of weight gain observed
immediately following switch can be interpreted in the
context of weight changes that occurred over the
5 years before switch.

Thus, these results suggest an independent effect of
TAF on early and rapid weight gain 9 months after the
switch, followed by a slowing, stabilization (or reduc-
tion) in weight gain depending on the maintained anti-
retroviral or new INSTI, similarly to weight change seen
before switch to TAF, in both PLWH who maintained
other ARVs and in PLWH who switched from a bPI or
NNRTI to an INSTI.

It should be noted that the evolution of VL and ther-
apeutic compliance after the switch is not taken into
account in this study, potentially influencing weight
changes.

Data from another US multicentric cohort evaluating
weight change in antiretroviral treatment-experienced
PLWH on INSTI+NRTIs switched from ABC (n = 142)
or TDF to TAF (n = 828) show that switch from TDF to
TAF led to higher risk of > 3% weight gain after 1 year
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compared to switching from ABC to TAF, even after
controlling for demographic factors, BMI, CD4s, and
INSTI anchor drug, suggesting a suppressive effect of
TDF on weight?®.

Switch to INSTI + TAF

Lake et al.?®® have evaluated changes in weight in
antiretroviral treatment-experienced PLWH from 2 ob-
servational study among AIDS Clinical Trials Group
(ACTQG), before and after switch to INSTI (n = 691).
They observed that women, black patients and pa-
tients > 60 years old gained more weight within 2 years
after the switch compared to the weight taken 2 years
before the switch. In the models adjusted for women,
factors associated with greater weight gain are the
white or black ethnicity, age > 60 years and the
BMI > 30 kg/m? at the time of the switch. For men, age
> 60 years was the most important factor linked to
weight gain. Switched patients to DTG gained more
weight following the switch (+ 1 kg/year) compared to
patients switched to RAL (+ 0.5 kg/year) or EVG
(=0.2 kglyear). Weight gain following switch to INSTIs
also varied by pre-switch ART class and by NRTI at
time of switch. Switch from NNRTI to DTG or EVG was
associated with significant increases in annualized
weight gain (+ 1.2 kg/year and + 1.3 kg/year, respec-
tively) whereas switch from NNRTI to RAL was not
(0.2 kgl/year). For patients switched from bPI, only
switch to DTG was associated with significant increas-
es in weight gain (+ 0.9 kg/year). Switch to any INSTI
+ ABC or TAF was associated with a similar increase
in annualized weight gain (+ 0.9 kg/year and +
0.8 kglyear, respectively), while switch to INSTI + TDF
showed no weight gain (-0.2 kg/year), suggesting
once again a suppressive effect of TDF on weight.

Koethe et al. analyzed PLWH from the North Ameri-
can AIDS Cohort Collaboration on Research and De-
sign (NA-ACCORD)?” who switched from NNRTI or PI
based-regimen to an INSTI before the introduction of
TAF (n = 870). They observed greater weight gain in
patients who switched from an NNRTI-based regimen
(+0.63kg/year) comparedtothose on Pl (+ 0.34 kg/year).
Among those who switched from an NNRTI, women,
non-white ethnicity patients, patients aged > 50 years
and patients switched to DTG had greater annual
weight gain.

The cohort analyzed by Kerchberger et al.?® specifi-
cally assesses experienced-treated US women living
with HIV (WLWH) switched to INSTI (n = 234), mostly to
DTG (+ TAF for 12%) compared to women maintaining

ART without INSTI (n = 884), mostly on TDF + NNRTI or
bPI (TAF for 8.7%). Compared to patients not taking
INSTIs, WLWH on INSTI have greater weight gain (+
2.4 kg vs. + 0.2 kg) and BMI (+ 0.9 kg/m? vs- + 0.1 kg/
m?). Weight gain > 7% was observed in 22% of patients
on INSTI versus 14% in patients without INSTI. In the
switch group, weight gain is greater in patients aged >
50 years, black women, in patients with BMI < 30 kg/
m?, in patients with undetectable VL and in patients with
CD4s > 350 cells/mm?, but without significant difference
according to INSTI (DTG, RAL or EVG).

Analysis of a cohort from Taiwan (n = 693)* assessed
weight gain at 48W after switch to EVG/c/FTC/TAF. No
significant weight gain after switch was observed among
patients who had received INSTI-containing ART before
switching (+ 1.37 kg) but the correlation was statisti-
cally significant for patients who had received NNRTI (+
2.07 kg) or PI (+ 1.5 kg) prior switching.

The Trio Health HIV Research Network electronic
medical records (n = 2272) show that the mean in-
crease in weight at 1 year after switch to INSTI + TAF
was 1.3 kg. Weight gain > 10% was more common in
those taking DTG compared to BIC, in women, patients
underweight or normal BMI at baseline, those switch-
ing from a prior non-INSTI regimen and those switching
from TDF to TAF.

It should be noted that a greater proportion of pa-
tients taking DTG were women or African Americans,
while a switch from TDF to TAF was more frequent in
patients on EVG.

However, there were no differences in weight gain by
INSTI in multivariable analysis adjusted for baseline
characteristics (age, gender, race, baseline BMI, and
baseline CD4), for prior treatment and for TDF-to-TAF
switching. In sensitivity analysis, there were also no
differences in weight gain by INSTI type for prior treat-
ment with TDF compared to prior treatment without TDF,

Results from the Italian GEPPO cohort (Geriatric Pa-
tients Living With HIV/AIDS), compared switch from
INSTI naive patients > 65 year to DTG versus no switch
(n = 568), did not show a significant weight gain in the
both group at the end of follow-up. This finding
emerged also when comparing 3 versus 2 drug regi-
men and TAF versus TDF exposed®!. The possible
protective mechanisms for weight gain in the elderly
PLWH could not be clearly identified in this study, in
the same way that the mechanisms linked to weight
gain in younger PLWH still remain unclear to
this day. However, a geriatric population has certain
particularities compared to the general population
since it may suffer from cardio-metabolic comorbidities
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requiring lifestyle interventions or from concomitant
neoplastic pathologies that may contribute to weight
loss. Furthermore, the population studied in this study
is predominantly male and the population switched to
DTG was more vulnerable in terms of comorbidities at
baseline, which could possibly explain a lower weight
gain. Moreover, in the geriatric and as well as in the
oncological setting, the lack of weight gain does not
automatically exclude fat accumulation while losing
lean mass. Anthropometric measurements by Dexa-
scan would therefore be more appropriate compared
to the use of weight measurements. Finally, the sig-
nificant weight gain cutoff used in this study corre-
sponds to weight gain > 5%, unlike other studies that
do not use a cutoff or lower cut-offs.

The analysis of US data from the multicenter HIV
Outpatient Study (HOPS)3? reported weight changes in
an initial INSTI-naive population before and after switch
to INSTI-based or not INSTI-based regimen (n = 653).
Pre-switch BMI trajectory slopes were greater for pa-
tients who subsequently switched to non-INSTI regi-
men than INSTI-regimen. However, switched patients
to INSTI-based regimen have a greater weight
(+ 1.2 kg) and BMI gains after switch than patients on
non-INSTI-based regimen (+ 0.3 kg). Women and His-
panic ethnicity were associated with greater BMI gain
(p < 0.01) and among INSTI, switch to DTG was as-
sociated with greater increase of BMI than other INSTIs
(p = 0.03 vs. RAL and p = 0.003 vs. EVG).

Further data from this cohort on switched patients to
INSTI + TAF3® showed that BMI increases was faster
during the 8 months immediately after switch to INSTI
than non-INSTI group, regardless of whether the new
regimen contained TAF or not and there were no sig-
nificant differences by INSTI types. After the first
8 months on INSTI-based regimen, weight change was
similar than patients on non-INSTI based regimen but
weight change among patients on INSTI+TAF remained
greater than participants on INSTI-regimen without TAF.
There was no difference in term of BMI change after
adjustment for age, gender, race and baseline BMI.

In the Swiss HIV Cohort Study®*, median weight
change after switch to DTG-containing regimens is mod-
est at 18 months after switch (+ 0.72 kg/year) compared
to pre-switch period (+ 0.47 kg/year). Men gained more
weight than women although the weight change re-
mained modest (+ 0.81 kg/year vs. 0.41 kg/year) but
weight gain > 5% was more likely for women, black
participants, and current smokers. Weight gain after
switch to DTG + TAF was higher (+ 1.4 kg/year) but the
number of patients in this group is too small (n = 72).

INSTI use

The Randomized Trial to Prevent Vascular Events in
HIV (REPRIEVE)® enrolled a global international cohort
of ART-experienced PLWH, aged 40-75 year, with low-to-
moderate traditional cardiovascular risk, and assessed
specifically the effect of INSTI use on weight among
participants in regions where at least 5% of the enrolled
population were using INSTI-based regimens. The use of
INSTI-based regimens was associated with higher mean
BMI (+ 1.6 kg/m?), higher WC (+ 3.6 cm) and 63% high-
er odds of obesity and this association were more pro-
nounced in women. The greatest differences were seen
in the tails of the BMI and WC distributions.

Table 1 summarizes the factors promoting weight
gain, BMI and metabolic changes highlighted in the
cohorts and RCTs described above.

Potential mechanisms that may explain
abnormal weight gain in experienced-
suppressed PLWH

The mechanisms that may explain weight gain and
obesity on PLWH are complex and multifactorial.

Contrary to naive patients, the return to the normal
state of health manifested by moderate weight gain fol-
lowing the introduction of ART and stabilizing over time®
is no longer considered in antiretroviral treatment-expe-
rienced PLWH. On the other hand, other factors also
favoring weight gain remain common, such as the patient
environment (lifestyle, obesogenic environment, changes
in the food environment, and reduction of physical activ-
ity followed urbanization), others medications or toxic
substances, socioeconomic status, chronic exposure to
HIV, improvement of the tolerance of ARVs and the po-
tential metabolic impact of taking long-term ARVs’8,

The mechanisms linked to weight gain associated
with ARVs have not yet been elucidated, but a few
hypotheses have already been mentioned in ART-ex-
perienced PLWH and are described below.

Suppressive effect of TDF

Weight gain after switch from TDF to TAF was ob-
served in several studies'®?02123-2531 phyt it remains
unknown whether these observations result from re-
moval of a weight-suppressive effect of TDF or (TAF =
INSTI)-associated weight increase or a combination of
this both effects. The potential for TDF to suppress
weight gain is also supported by studies in naive PLWH
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Table 1. Risk factors for weight and BMI gain for experienced patients

(RCTs Cohorts studies
Weight gain ~ bPI > DTG [14] - bPI > DTG [26]
— bPI > EVG/c/FTC/TAF [29]
- TDF - BIC/FTC/TAF (vs TAF/ABC — TDF - TAF + maintaining 3dr agent (mostly EVG, RPV,
> BIC/FTC/TAF) [15 DRV) at 9 months [24]

— TDF DTG/3TC [18]

~ TDF/FTC/EFV > LA RPV+ LA
CAB [19

— 3TC/TDF + NVP or EFV >
TAF+DTG [20]

—TDF 3 TAF (vs ABC > TAF) [23]

- EFV > RPV vs staying EFV [23] - NNRTI - DTG or EVG [26,27]
- EFV > EVG/c vs staying EFV [23] — NNRTI > INSTI [27]
- NNRTI > EVG/c/FTC/TAF [29]
— [NNRTI + women] to INSTI [27]
— [NNRTI + non-white ethnicity] - INSTI [27]
— [NNRTI + > 50y] = INSTI [27]

- EVGc - BIC vs staying on EVG/c - TDF - TAF at 9 months [24]
[23] - TDF > TAF vs ABC > TAF at 1y [25]
- staying DTG vs staying EVGc [23] - non-INSTI - INSTI [32]

- non-INSTI = INSTI + TAF [33]

- switch to DTG [26]

— switch to INSTI+ [ABC or TAF] 26]

- switch to [INSTI + black patients] [26]

- switch to [INSTI + age > 60y ] 26]

— switch to [INSTI + women] 26, 28]

- switch to [INSTI + women + > 50y [28]

— switch to [INSTI + women + white/black] [26]

— switch to [INSTI + women + age > 60y] [26]

- switch to [INSTI + women + BMI > 30kg/m2] [26]
— switch to [INSTI + Black women] 28]

— switch to [INSTI + women + BMI < 30kg/m2] [28]
- switch to [INSTI + women + undetectable VL] [28]
— switch to [INSTI + women + CD4s > 350cells/mm3 ] [28]
— switch to [INSTI + men+ age > 60 y] [26]

- switch to [DTG + Black] 34]

- switch to [DTG + Women] 34]

— switch to [DTG + smokers] 34]

Weight gain > 10% - younger age [23 - TDF - TAF + INSTI [30
- lower baseline weight or BMI [23]
- switch to DTG (vs BIC) [30]
— switch to [INSTI + women] 30]
- switch to [INSTI + underweight or normal BMI] [30]
- non-INSTI based regimen - INSTI [30]

BMI gain - DRV/r > DTG [14] - switch to [INSTI + women] 28]
- non-INSTI' [INSTI + women] [32]
- non-INSTI DTG [32]
- non-INSTI' INSTI +/- TAF < 8 months post-switch [33]
— INSTI based-regimen (vs non-INSTI) [35]
- [INSTI based-regimen (vs non-INSTI) + women][35]

RCTs: Randomized Controlled Trials; BMI: Body Mass Index; y: year(s); bPIl: boosted Protease Inhibitor; r: ritonavir; c: cobicistat; FTC: Emtricitabine; TAF: Tenofovir
Alafenamide Fumarate; TDF: Tenofovir Disoproxil Fumarate; 3TC: Lamivudine; ABC: Abacavir; NNRTI: Non-Nucleoside Reverse Transcriptase Inhibitor; NVP: Nevirapine;
EFV: Efavirenz; RPV: Rilpivirine; INSTI: Integrase Strand Transfer Inhibitor; DTG: Dolutegravir; BIC: Bictegravir; EVG/c: Elvitegravir/cobicistat; LA: Long Acting;

CAB: Cabotegravir.
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like in GEMINI 1 and 2, where dual therapy group with
DTG/3TC gained more weight than tritherapy group
with DTG/TDF/FTC (3.7 kg vs. 2.4 kg at 144 W)%, and
in preexposure prophylaxis (PrEP) trials, suggesting an
initial weight-suppressive effect of TDF in a setting
where confounding effects of HIV are absent3-%°,

Suppressive effect of EFV

From some trials, it appears that EFV suppresses
weight gain and this influences weight change after
switch to a different NNRTI or an INSTI'®23, In pooled
study of Erlandson?, significant weight gain was associ-
ated with switching from EFV to RPV, but maybe be-
cause oral RPV need to be taken with food. However,
switch of EFV was the only third-agent switch associ-
ated with > 10% weight gain®®. The mechanism linked
to the suppressive effect of EFV on weight remains
unclear. Leonard et al.* have analyzed 2 cohorts to
study pharmacogenetics of weight gain following switch
from EFV to INSTI-based regimens at 48W. In the ob-
servational cohort (n = 61), they have observed that
cytochrome P450 2B6 (CYP2B6) slow metabolizers ex-
perienced significantly greater weight gain after the
switch for EVG and RAL (median weight gain: + 2.0 kg
for slow metabolizer vs. + 0.1 kg for normal metabolizer)
but not for DTG. In the clinical trials cohort (n = 462),
CYP2B6 slow metabolizers had lesser weight gain
among participants receiving EFV + TDF (p = 0.001),
but not those receiving EFV + ABC (p = 0.65). The im-
pact of CYP2B6 on weight change has also been seen
in a sub-analysis of the ADVANCE study (TAF/FTC/DTG
vs. TDF/FTC/DTG vs. TDF/FTC/EFV in naive patients)
where the differences in weight gain between EFV group
(+ 2.3 kg) and DTG groups (+ 7.1 kg for TAF/FTC/DTG
group and + 4.3 kg for TDF/FTC/DTG group) are driven
by reduced weight gain in patients with CYP2B6 inter-
mediate or slow metabolizer genotypes*'. Participants
with a slow EFV metabolizer genotype (found more often
in African population) lost weight, while those with an
extensive EFV metabolizer genotype gained a similar
amount of weight as those in the DTG/FTC/TDF arm*!,

Furthermore, they were able to observe that the as-
sociation between CYP2B6 metabolizer genotype
and fat distribution in women was more marked for
peripheral fat than for central fat, probably due to the
concentration-dependent effect of EFV on mitochon-
drial toxicity and adipocyte differentiation. These obser-
vations limited to women could be explained by higher
plasma concentrations of EFV but this effect could be
evaluated in men in larger studies with longer follow-up.

TAF effect on weight gain

The weight gain potentially associated after a switch to
TAF is difficult to interpret given the frequent association
of TAF with an INSTI in switch-regimen, especially if the
baseline regimen contained TDF. In TANGO, weight gain
is similar for switched experienced-treated patients from
TAF-containing regimens to DTG/3TC versuss staying on
TAF'817 although these observations are confounded by
a high proportion of study participants also switching
from non-DTG-containing regimens at baseline.

In the pooled study of Erlandson?? switch from ABC
to TAF was associated with smaller but statistically
significant weight gain but ABC/3TC/DTG was associ-
ated with more frequent gastrointestinal adverse events
than BIC/FTC/TAF in one of the RCT included in their
analysis. However, results from HOPS cohort evaluat-
ing weight change among naive-INSTI experienced
patients switched to INSTI + TAF based regimen
showed that switched patients to INSTI + TAF continue
to gain weight more than 8 months after the switch
compared to INSTI without TAF regimens3,

The evaluation of weight gain in seronegative patients
on TDF/FTC versus TAF/FTC for PrEP in the DISCOVER
study® showed greater weight gain for patients on TAF
(+ 1.7 kg) versus TDF (+ 0.5 kg) at 96 W but which
remains similar to the weight gain observed in young
seronegative US adults not taking PrEP#,

INSTI effect on weight gain

Weight gain on INSTI-regimen have been acknowl-
edged in both, naive and experienced-treated patients
including those switched from other drug class regi-
mens, suggesting that this drug class might cause
weight gain beyond any consideration on return to
normal health!213.15.18-20,23,24.26-80.32.35 Bt according to
some studies, there was also no observed weight dif-
ference among experienced patients on INST['6.17:31,
The interpretation of data in experienced patients must
nevertheless be nuanced according to pre-switch ART,
which can also contribute to undocumented weight
change before and after switch ART, often represented
by INSTI+TAF-based regimen.

Female and black patients
In experienced-treated patients, the results of the

RCTs and the cohorts evaluated for this review are
also divergent in term of the impact of sex and ethnic-
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ity on weight gain. Some studies found that female
$ex?6:2830.32.35 narticularly black female®3* are at risk
of increases weight but the mechanism remain under-
stood. Jung et al.*® have tested in a mouse model the
effects of INSTIs (DTG and BIC) and NNRTI (DOR) on
mitochondrial function and adipocyte differentiation on
female pre-adipocyte cells. DTG and BIC mildly in-
duced differentiation into white adipocytes and signifi-
cantly suppressed differentiation into brown adipo-
cytes compared to no treatment group. INSTIs also
caused downregulation of enzymes responsible for
thermogenesis in brown adipocytes and affected other
mitochondrial enzymes. DTG specifically inhibited cel-
lular oxygen consumption and energy expenditure and
interfered with estrogen-mediated metabolic pathways.
DOR had no effect on mitochondrial activity or fat cell
differentiation. It would therefore be interesting to have
more data on body and weight measurements in wom-
en on INSTIs to assess the clinical repercussions of
these in vitro modifications on fat cells.

Effect on adipose tissue

The persistent HIV-infected macrophages in adipose
tissue could enhance local inflammation and cause
expansion of fat tissues*. In addition, HIV can also
promote the aging of adipose tissue and alter its func-
tion, contributing to insulin resistance*. Current evi-
dence mainly suggests that fat gains with INSTI are
widespread in both, ART-naive and switch studies but
the underlying mechanisms are unclear. Reassuringly,
this fat gain differs from lipodystrophy syndrome that
is typically associated with long-lasting metabolic com-
plications*®. INSTIs could also cause changes in the
structure of adipocytes favoring the development of
obesity and insulin resistance®’“8,

Adiponectin, a chemokine produced by adipose tis-
sue for regulation of glucose and lipid, decreased fol-
lowing the switch to DTG, which can lead to insulin
resistance and weight gain*®. However, the correct
interpretation of the modification of adiponectin levels
remains controversial in the literature and requires fur-
ther exploration.

Effect on “regulatory” receptors

The melanocortin 4 receptor (MC4R) is a receptor
involved in the regulation of calorie intake by modulating
the signal of leptin in the central nervous system. The
impact of INSTIs on this receptor remains unclear and
would only be significant at supratherapeutic dosag-

es%0%1, The regulation of body weight can also be mod-
ified via manipulation of other signaling pathways
(MC1R, neuropeptide-Y receptors, ghrelin receptor, and
glucagon-like peptide-1) leads to weight gain. Whether
INSTIs are able to affect these receptors is unclear and
these hypotheses remain to be directly tested®’.

Genetic polymorphism

A Japanese team found an association between a cer-
tain polymorphism in the resistin (a pro-inflammatory adi-
pokine influencing insulin sensitivity in peripheral tissues
and in the central nervous system) gene (RETN-420C/G)
and BMI gain (+ 0.86 kg/m?) and psychiatric symptoms
in INSTI-naive patients (n = 220) after 6 months of treat-
ment>2. Therefore, patients gaining weight could be
screened for significant psychiatric effects and vice versa.
However, this is a small study and this data are limited to
a Japanese population. Further investigations in other
ethnic groups would be interesting to validate these data.

Impact of weight gain on management of
experienced patient in practice

It seems reasonable to pay attention to weight gain
after a change of ART in experienced PLWH despite
the fact that gain is not generally a big concern in
clinical practice in this Population. The weight gain
remains modest and often stabilizes over time?, like
similar plateau observed in naive patients*%2 or follow-
ing TAF switch?®*, except for patients with weight gain
> 10%2. In contrast, other studies on switch to INSTI
in experienced patients showed continued weight gain
> 2 year post-switch®28 or BMI gain 8 months post-
switch to INSTI + TAF®,

In the event of objective excess weight gain, an as-
sessment of the patient as a whole (co-morbidities, drug
treatment excluding TAR, lifestyle, stage of the disease,
etc.) must be carried out systematically as well as the
monitoring of any consequences (metabolic, cardiovas-
cular and impact on therapeutic compliance). The re-
duction of the contributing factors highlighted during
this evaluation must remain the basis of any manage-
ment, therefore involving multidisciplinary management,
before considering a possible shift to another ART. Nev-
ertheless, this can be considered if we observe a dis-
proportionate weight gain without any other convincing
explanation, but there is not yet a well-defined “trigger,”
especially that the weight gains are modest.

Avoiding the TAF + INSTI combination by switch to TDF
should help to mitigate weight gain. While there is sugges-
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tion that this may come at a compromise to patients bone
mineral density and renal markers, a recent meta-analysis
found there were no differences in clinical safety endpoints
between TAF and TDF®. Weight gain cannot be consid-
ered as a side effect in elderly patients on INSTIs accord-
ing to the Geppo cohort and these could also be a good
alternative in dual therapy to avoid TDF and ABC in this
patients with comorbidities®’. DOR has not been associ-
ated with weight gain®, appears to have no effect on
adipose tissue*® and has a favorable lipid profile.

Conclusions

Weight gain in experienced PLWH, like in naive pa-
tients, can be multifactorial making difficult to interpret
the role of each factor. Modest weight gain is common
after ART switch and is correlated more strongly with
baseline regimen, especially switch off of TDF or EFV,
than with sex-, race-, or HIV-related factors.

It remains uncertain whether this is due to the loss
of a weight suppressive effect of prior regimens with
older agent such as TDF or EFV or a weight gain effect
of the newer regimen or the both effects.

Further research including demographics/lifestyle/
comorbidities and co-medication factors, single-vari-
able ART switch studies and HIV-negative studies may
help disentangle these complex observations.

More research and reporting of weight and body
measurements data are required to widen the evidence
base and to establish clinical significance.

Further studies focusing on pharmacogenomics of
ART metabolism and individual genetic factors associ-
ated with weight gain may provide additional insights
into the mechanisms of ART-associated weight gain.

There are therefore no absolute contraindications to
shift PLWH to INSTIs or TAF based regimens if indi-
cated but it remains important that clinicians prescrib-
ing news ARVs, alone of in association, must be aware
of this side effectin experienced -suppressed PLWH. As
PLWH survive longer on effective ART, the prevention
and management of NAEs will remain a challenge for
health providers. Close monitoring of weight and coun-
seling to maintain a healthy diet and remain physically
active, as well as optimize other lifestyle factors, is
imperative for all patients on ART.

Supplementary data
Supplementary data are available at Aids Reviews on-

line (10.24875/AIDSRev.22000026). These data are pro-
vided by the corresponding author and published online

for the benefit of the reader. The contents of supplemen-
tary data are the sole responsibility of the authors.

Funding
None.

Conflicts of interest
None.

Ethical disclosures

Protection of human and animal subjects. The
authors declare that no experiments were performed
on humans or animals for this study.

Confidentiality of data. The authors declare that no
patient data appear in this article.

Right to privacy and informed consent. The au-
thors declare that no patient data appear in this article.

References

1. Hsu DC, Sereti |. Sérious non-AIDS events: therapeutic targets of immune
activation and chronic inflammation in HIV infection. Drugs. 2016;76:533-49.

2. Mocroft A, Reiss P, Gasiorowski J, Ledergerber B, Kowalska J, Chiesi A,
et al. Serious fatal and nonfatal non-AIDS-defining illnesses in Europe.
J Acquir Immune Defic Syndr. 2010;55:262-70.

3. Data Collection on Adverse Events of Anti-HIV drugs (D: A:D) Study
Group, Smith C, Sabin CA, Lundgren J, Thiebaut R, Weber R, et al.
Factors associated with specific causes of death amongst HIV-positive
individuals in the D: A:D Study. AIDS. 2010;24:1537-48.

4. Sax P, Erlandson K, Lake J, Mccomsey GA, Orkin C, Esser S, et al.
Weight gain following initiation of antiretroviral therapy: risk factors in
randomized comparative clinical trials. Clin Infect Dis. 2020;71:1379-89.

5. Achra A, Sabin C, Ryom L, Hatleberg C, d’Aminio MA, de Wit S, et al.
Body mass index and the risk of serious non-AIDS events and all-cause
mortality in treated HIV-positive individuals: D: A:D cohort analysis. J Ac-
quir Immune Defic Syndr. 2018;78:579-88.

6. Kinlen D, Cody D, O’'Shea D. Complications of obesity. Int J Med.
2018;111:437-43.

7. The GBD 2015 Obesity Collaborators, Afshin A, Forouzanfar MH, Re-
itsma MB, Sur P, Estep K, et al. Health effects of overweight and obe-
sity in 195 countries over 25 years. N Engl J Med. 2017;377:13-27.

8. Dupont E, Yombi JC. Antiretroviral therapy and weight gain in naive
HIV-1 infected patient: narrative review. AIDS Rev. 2022;25:122-32.

9. Buzon-Martin L. Weight gain in HIV-infected individuals using distinct
antiretroviral drugs. AIDS Rev. 2020;22:158-67.

10. Wood BR, Huhn G. Excess weight gain with integrase inhibitors and
tenofovir alafenamide: what is the mechanism and does it matter? Open
Forum Infectious Dis. 2021;8:0fab542.

11. Shahini S, Pilkington V, Hill A. Is tenofovir disoproxil fumarate associated
with weight loss? AIDS. 2021;35:5189-95.

12. Eckard A, McComsey G. Weight gain and integrase inhibitors. Curr Opin
Infect Dis. 2020;33:10-9.

13. Gatell JM, Assoumou L, Moyle G, Waters L, Johnson M, Domingo P,
et al. Switching from a ritonavir-boosted protease inhibitor to a dolute-
gravir-based regimen for maintenance of HIV viral suppression in pa-
tients with high cardiovascular risk. AIDS. 2017;31:2503-14.

14. Waters L, Assoumou L, Gonz&lez-Cordén A, Rusconi S, Domingo P, Gompels
M, de Wit S, et al. Limited weight impact after switching from boosted protease
inhibitors to dolutegravir in persons with HIV with high cardiovascular risk: a post
hoc analysis of the 96-week NEAT-022 randomized trial. Clin Infect Dis. 2022
Oct 19:ciac827. doi: 10.1093/cid/ciac827. Epub ahead of print. PMID: 36259527.

15. Hagins D, Kumar P, Saag M, Wurapa AK, Brar |, Berger D, et al. Switch-
ing to bictegravir/emtricitabine/tenofovir alafenamide in black Americans
with HIV-1: a randomized phase 3b, multicenter, open-label study. J Ac-
quir Immune Defic Syndr. 2021,88:86-95.

63



64

AIDS Reviews. 2023;25

17.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. Van Wyk J, Ajana F, Bisshop F, De Wit S, Osiyemi O, Sogorb JP, et al.

Switching to DTG/3TC fixed-dose combination (FDC) is non-inferior to
continuing a TAF-based regimen (TBR) in maintaining virologic suppres-
sion through 96 weeks (TANGO Study). Clin Infect Dis. 2020;71:1920-9.
Osiyemi O, De Wit S, Ajana F, Bisshop F, Portilla J, Routy JP, et al.
Efficacy and safety of switching to dolutegravir/lamivudine versus con-
tinuing a tenofovir alafenamide-based 3- or 4-drug regimen for mainte-
nance of virologic suppression in adults living with human immunode
ciency virus Type 1: results rough week 144 from the phase 3, noninfe-
riority TANGO randomized trial. Clin Infect Dis. 2022;75:975-86.

. Libre JM, Brites C, Cheng CY, Osiyemi O, Galera C, Hocqueloux L, et al.

Switching to the 2-Drug Regimen of Dovato (Dolutegravir/Lamivudine)
Fixed-dose Combination is non-inferior to Continuing a 3-Drug Regimen
through 48 Weeks in a Randomized Clinical Trial (SALSA). In: Paper
Presented at: 11" IAS Conference on HIV Science; 2021. p. 18-21.

. Swindells S, Andrade-Villanueva JF, Richmond GJ, Rizzardini G,

Baumgarten A, Masia M, et al. Long-acting cabotegravir and rilpivirine
for maintenance of HIV-1 suppression. N Engl J Med. 2020;382:1112-3.
Mulenga L. VISEND: Switching From NNRTI-Based to PI-Based ART vs
DTG + Recycled NRTIs. In: Conference on Retroviruses and Opportu-
nistic Infections; 2022. Abstract 135.

Sax PE, Rockstroh JK, Luetkemeyer AF, Yazdanpanah Y, Ward D, Trot-
tier B, et al. Switching to bictegravir, emtricitabine, and tenofovir alafen-
amide in virologically suppressed adults with human immunodeficiency
virus. Clin Infect Dis. 2021;73:€485-93.

Kumar P, Johnson M, Molina JM, Rizzardini G, Cahn P, Bickel M, et al.
Switching to DOR/3TC/TDF Maintains HIV-1 virologic suppression
through week 144 in the DRIVE-SHIFT trial. J Acquir Immune Defic
Syndr. 2021;87:801-5.

Erlandson KM, Carter CC, Melbourne K, Brown TT, Cohen C, Das M,
et al. Weight change following antiretroviral therapy switch in people with
viral suppression: pooled data from randomized clinical trials. Clin Infect
Dis. 2021;73:1440-51.

Mallon P, Brunet L, Hsu RK, Fusco JS, Mounzer KC, Prajapati G, et al.
Weight gain before and after switch from TDF to TAF. J Int AIDS Soc.
2021;24:€25702.

Sax PE, Althoff KN, McComsey GA, Althoff KN, Brown TT, Radtchenko J,
et al. Weight Change in Suppressed People with HIV (PWH) Switched
from either Tenofovir Disoproxil Fumarate (TDF) or Abacavir (ABC) to
Tenofovir Alafenamide (TAF). Abstract LB-7. In: Paper Presented at: ID
Week Conference; 2020. p. 20-5.

Lake JE, Wu K, Bares SH, Debroy P, Godfrey C, Koethe JR, et al. Risk
factors for weight gain following switch to integrase inhibitor-based an-
tiretroviral therapy. Clin Infect Dis. 2020;71:e471-7.

Koethe J, Bian A, Rebeiro PF, Jenkins C, Bourgi K, Moore RD, et al. for
the North American IADS Cohort Collaboration on Research and Design
(NA-ACCORD) of IeDEA. Boston, Massachusetts: CROI; 2020. p. 8-11.
Abstract 668.

Kerchberger AM, Sheth AN, Angert CD, Mehta CC, Summers NA,
Ofotokun |, et al. Weight gain associated with integrase stand transfer
inhibitor use in women. Clin Infect Dis 2020;71:593-600.

Kuo PH, Sun HY, Chuang YC, Wu PY, Liu WC, Hung CC. Weight gain
and dyslipidemia among virally suppressed HIV-positive patients switch-
ing to co-formulated elvitegravir/cobicistat/emtricitabine/tenofovir alafen-
amide. Int J Infect Dis. 2020;92:71-7.

McComsey GA, Sax PE, Althoff KN, Brown T, Radtchenko J, Diaz-Cuervo H,
et al. Weight Gain After Switching different Integrase Inhibitors (INSTI). In:
Conference on Retroviruses and Opportunistic Infections Will be Virtual; 2021.
Guaraldi G, Calza S, Milic J, Calcagno A, Foca E, Rota M, et al. Dolute-
gravir is not associated with weight gain in antiretroviral therapy experi-
enced geriatric patients living with HIV. AIDS. 2021;35:939-45.

Palella F, Rayeed N, Li J, Mahnken J, Carlson KJ, Durham M, et al. Weight
Gain Among Virally Suppressed Persons who Switch to INSTI-based ART:
The HIV Outpatient Study (HOPS). In: Conference on Retroviruses and
Opportunistic Infections Seattle. Philadelphia, PA: ID Week; 2019.
Palella F, Hou Q, Li J, Mahnken J, Carlson KJ, Durham M, et al. Weight
Gain among PWH who Switch to ART-Containing InSTIs or TAF. In:
Conference on Retroviruses and Opportunistic Infections Will be Virtual,
Boston USA; 2021.

Mugglin C, Calmy A, Gunthard H, Tarr P, Atkinson A, Scherrer A, et al.
Changes in weight after switching to dolutegravir containing antiretrovi-
ral therapy in the Swiss HIV Cohort Study. In: European AIDS Conference
(EACS) in Basel, Switzerland; 2019.

Kileel E, Lo J, Malvestutto C, Fitch KV, Zanni MV, Fichtenbaum CJ, et al.
Assessment of Obesity and Metabolic Profile by Integrase Inhibitor use
in REPRIEVE. In: Conference on Retroviruses and Opportunistic Infec-
tions Will be Virtual; 2021.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Orkin C, Porteiro N, Berhe M, Dretler RH, Pulido F, Cheng SH, et al.
Durable Efficacy of DTG+3TC in GEMINI-1&2: Year 3 Subgroup Analy-
sis. In: Presented at Conference on Retroviruses and Opportunistic In-
fections; 2021.

Glidden DV, Mulligan K, McMahan V, Anderson PL, Guanira J, Chari-
yalertsak S, et al. Metabolic effects of preexposure prophylaxis with
coformulated tenofovir disoproxil fumarate and emtricitabine. Clin Infect
Dis. 2018;67:411-9.

Ogbuagu O, Ruane PJ, Podzamczer D, Salazar LC, Henry K, Asmuth DM,
et al. Long-term safety and efficacy om emtricitabine and tenofovir
alafenamide vs emtricitabine and tenofovir disoproxil fumarate for HIV-1
pre-exposure prophylaxis (DISCOVER): week 96 results from a ran-
domised, double-blind, multicentre, placebo-controlled, phase 3 trial.
Lancet HIV. 2021;8:€397-407.

Landovitz RJ, Donnell D, Clement ME, Hanscom B, Cottle L, Coelho L,
et al for HPTN 083 study. Cabotegravir for HIV prevention in Cisgender
men and transgender women. N Engl J Med. 2021;385;7.

Leonard MA, Cindi Z, Bradford Y, Bourgi K, Koethe J, Turner M, et al.
Efavirenz pharmacogenetics and weight gain following switch to inte-
grase inhibitor-containing regimens. Clin Infect Dis. 2021;73:€2153-63.
Griesel R, Maartens G, Chirehwa M, Sokhela S, Akpomiemie G, Moor-
house M, et al. CYP2B6 Genotype and Weight Gain Differences Between
Dolutegravir and Efavirenz. Clin Infect Dis. 2021 Dec 6;73(11):€3902-
€3909. doi: 10.1093/cid/ciaa1073.

Wing RR, Espeland MA, Tate DF, Perdue LH, Bahnson J, Polzien K,
et al. Weight gain over 6 years in young adults: the study of novel ap-
proaches to weight gain prevention (SNAP) randomized trial. Obesity
(Silver Spring). 2020;28:80-8.

Jung |, Jin S, Tu-Sekine B, Anokye-Danso F, Brown T, Sangwon F. Inte-
grase Inhibitors Target Mitochondria in Brown Adipocytes Disrupting
Thermogenesis. In: Virtual CROI Conference; 2021. Abstract 515.
Damouche A, Lazure T, Avettand-Fenoel V, Huot N, Dejucg-Rainsfor N,
Satie AP, et al. Adipose tissue is a neglected viral reservoir and an in-
flammatory site during chronic HIV and SIV infection. PLoS Pathog.
2015;11:1005153.

Gorwood J, Ejlalmanesh T, Bourgeois C, Mantecon M, Rose C, Atlan M,
et al. SIV Infection and the HIV proteins tat and nef induce senescence
in adipose tissue and human adipose stem cells, resulting in adipocyte
dysfunction. Cells. 2020;9:854.

Koethe J, Lagathu C, Lake J, Domingo P, Calmy A, Falutz J, et al. HIV and
antiretroviral therapy-related fat alterations. Nat Rev Dis Primer. 2020;6:48.
Gorwood J, Bourgeois C, Pourcher V, Pourcher G, Charlotte F, Mantecon M,
et al. The integrase inhibitors dolutegravir and raltegravir exert proadipo-
genic and profibrotic effects and induce insulin resistance in Human/Simian
adipose tissue and human adipocytes. Clin Infect Dis 2020;71:549-60.
Moure R, Domingo P, Gallego-Escuredo J, Villarroya J, Del
Mar Gutierrez M, Mateo MG, et al. Impact of elvitegravir on human adi-
pocytes: alterations in differentiation, gene expression and release of
adipokines and cytokines. Antiviral Res. 2016;132:59-65.
Gonzalez-Cordoén A, Assoumou L, Moyle G, Waters L, Johnson M, Do-
mingo P, et al. Switching from boosted Pls to dolutegravir decreases
soluble CD14 and adiponectin in high cardiovascular risk people living
with HIV. J Antimicrob Chemother. 2021;76:2380-93.

Domingo P, Villarroya F, Giralt M, Domingo JC. Potential role of the
melanocortin signaling system interference in the excess weight gain
associated to some antiretroviral drugs in people living with HIV. Int J
Obes (Lond). 2020;44:1970-3.

McMahon C, Trevaskis J, Carter C, Holsapple K, White K, Das M, et al.
Lack of an association between clinical INSTI- related body weight gain
and direct interference with MC4 receptor (MC4R), a key central regula-
tor of body weight. PLoS One. 2020;15:€0229617.

Minami R, Takahama S, Koyama K, Yamamoto M. Resistin Gene Poly-
morphism Related to Weight Gain and Psychiatric Symptoms on INSTI.
Boston, MA: CROI; 2020.

Bourgi K, Jenkins C, Rebeiro P, Palella F, Moore RD, Altoff KN, et al.
Weight gain among treatment-naive persons with HIV starting integrase
inhibitors compared to non-nucleoside reverse transcriptase inhibitors
or protease inhibitors in a large observational cohort in the United States
and Canada. J Int AIDS Soc 2020;23:25484.

Hill A, Hughes S, Gotham D, Pozniak A. Tenofovir alafenamide versus
tenofovir disoproxil fumarate: is there a true difference in efficacy and
safety? J Virus Erad. 2018;4:72.

Orkin C, Squires KE, Molina JM, Sax PE, Wong WW, Sussmann O, et al.
Doravirine/lamivudine/tenofovir disoproxil fumarate is non-inferior to efa-
virenz/emtricitabine/tenofovir disoproxil fumarate in treatment-naive
adults with human immunodeficiency virus-1 infection: week 48 results
of the DRIVE-AHEAD Trial. Clin Infect Dis. 2019;68:535-44.



