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Is Modern Antiretroviral Therapy Causing Weight Gain?
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Keywords.

Weight gain following the initiation of
antiretroviral therapy (ART) has been re-
ported across multiple settings and study
populations. While this weight gain often
represents a return to health among those
who are underweight at the time of ART
initiation [1], weight gain among those
in the normal and overweight categories
prior to the initiation of ART has been
associated with an increased risk of meta-
bolic and cardiovascular disease [2-4].
The observational nature of many of the
studies published to date limits the inter-
pretation of the findings due to potential
confounding by human immunodefi-
(HIV)-specific,
graphic, and environmental factors that

ciency virus demo-
contribute to weight gain.

In this issue of Clinical Infectious
Diseases, Sax et al [5] examined weight
data from 8 randomized comparative
trials of ART in 5680 treatment-naive
participants. This pooled analysis offers
a unique opportunity to evaluate the
changes in weight in those initiating ART
in the context of numerous rigorously
conducted randomized trials, which, by
design, eliminate the possibility of con-
founding by indication.
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Although Gilead Sciences sponsored
all of the parent trials, the transparency in
the authors’ presentation of the results was
welcome and there were several important
findings from this work. First, the authors
observed strong associations between
weight gain and HIV disease characteris-
tics. The correlation between low baseline
CD4 cell countand high baseline HIV RNA
levels and weight gain has been reported
by others [6, 7] and supports the notion
that some of the observed weight gain sig-
nals a return to health. For providers, this
finding raises questions regarding the clin-
ical significance of this weight gain. In this
analysis, the authors found that more than
one-third of participants in these trials ex-
perienced a >5% increase in weight, and
nearly one-fifth experienced a >10% in-
crease in weight. Although the absolute
numbers are marked, the fact that some
component of the weight gain noted in
this analysis represents a return to health
complicates any conclusions regarding the
clinical significance.

Similar analyses of weight gain in dif-
ferent study populations will help to
shed light on some of the confounding.
Weight analysis in switch trials, particu-
larly among participants with virologic
suppression at the time of switch, avoid
confounding by the return to health
phenomenon, and such studies have
demonstrated similar findings [8-10].
Additionally,
changes in pre-exposure prophylaxis

evaluations of weight
trials may help avoid confounding by
HIV disease factors. It is imperative
that analysis of weight gain be done in

ongoing and future pre-exposure prophy-
laxis trials.

The second major finding is the asso-
ciation between weight gain with black
race and female sex. In this analysis, black
women gained twice as much weight as
nonblack women in the 96 weeks fol-
lowing ART initiation. This finding was
statistically significant despite the fact
that women made up only 11.7% of the
study population and black women only
5.5%. While this pooled analysis in-
cluded contributions from sites in pre-
dominantly resource-rich  countries,
notably without any study sites in the
African continent, the findings are cor-
roborated by the recently published
ADVANCE and NAMSAL efficacy trials
of dolutegravir (DTG) conducted in
Africa. These studies were comprised of
>50% women, and DTG was unequivo-
cally associated with excess weight gain
as compared to efavirenz (EFV), particu-
larly with tenofovir alafenamide (TAF)-
emtricitabine [11, 12].

Why are certain demographic groups
more affected by this weight gain than
others? These findings are particularly con-
cerning given the disproportionate burden
of HIV and obesity in the black and female
population in the United States [13, 14].
The mechanism is unclear, but a number of
factors, including environmental and gen-
etic factors, may play a role.

Genome-wide association studies
have found multiple genes associated
with obesity in the general population
[15], and functions of proteins that are
pharmacodynamic antiretroviral targets
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may be affected by genetic variants. Sax
et al discuss the potential role of off-
target interactions such as the inter-
action between DTG and melanocortin
4 receptor (MC4R). In vitro, DTG in-
hibits the binding of radiolabeled
a-melanocyte-stimulating hormone
(MSH) to MC4R [16]. This is a plausible
mechanism because MC4R is involved in
the regulation of energy homeostasis and
caloric intake, and deficiency in MC4R
is associated with obesity. It is unknown
whether other integrase strand transfer
inhibitors (INSTIs) interact with MC4R,
but this is also a proposed mechanism
for the weight gain associated with anti-
psychotic medications and merits fur-
ther study with DTG and other modern
antiretrovirals.

Additionally, a retrospective study
found that CYP2B6 EFV
metabolizers gained more weight than
others after a switch from EFV to INSTIs.
This finding varied based on racial char-

slow-

acteristics (associations present in white
but not black participants) and specific
INSTIs (associations seen in elvitegravir
[EVG] and raltegravir [RAL] groups but
not DTG) [17]. While these data suggest
that pharmacogenetics may be playing a
role (Leonard et al [17] hypothesize that
those with high EFV exposure have sub-
clinical intolerance that resolves after
the switch), the associations seen in this
retrospective data do not mirror the
findings noted in the study by Sax et al.
In summary, large gaps in our under-
standing remain.

The third major finding is the absence
ofaclinically significant metabolic impact
of the observed weight gain, as measured
by fasting glucose and investigator-
reported adverse effects. Though there are
limitations to this finding, such as limited
duration of follow-up, small number of
total reported adverse effects, and lack
of more sensitive measures of glucose
tolerance, these results are of particular
interest for clinicians on the front lines
who are concerned about the clinical im-
plications of the observed weight gain.
In other words, is this a metabolically

neutral weight gain (suggesting a return
to health), or is this weight gain associ-
ated with metabolic sequelae? This ques-
tion is particularly relevant in light of
the data from the AIDS Clinical Trials
Group 5260s study, which demonstrated
a significant increase in insulin resist-
ance after 4 weeks of ART initiation that
was similar between recipients of RAL,
darunavir (DRV), and atazanavir [18], as
well as multiple case reports of new-onset
hyperglycemia and diabetes following
switch to INSTI-containing regimens
[19, 20]. The results of this analysis offer
some reassurance in terms of changes in
fasting glucose, but lipid changes were
more nuanced. Lipid changes were small
but statistically significant. Although the
clinical significance of the lipid changes
are unknown, these changes raise ques-
tions about the possible synergistic role
of weight gain with TAF-containing re-
gimens vs tenofovir disoproxil fumarate
(TDF)-containing regimens, given the
well-described attenuated decreases in
low-density lipoprotein and triglycer-
ides with TAF as compared to TDF [21].
Additional analysis is warranted in both
treatment initiation and switch studies
before inferences regarding the metabolic
consequences of weight gain following
ART initiation can be made.

The last, and perhaps most novel,
finding was the association between
weight gain and type of ART. Importantly,
associations were found at both the
class level (INSTIs > nonnucleoside
reverse transcriptase inhibitor > pro-
tease inhibitor) and specific ART level
(bictegravir and DTG > EVG/c; rilpivirine
> EFV; TAF > abacavir > TDF > zidovu-
dine). Overall, greater weight gain was
observed among newer antiretroviral
agents relative to the comparators.

These data answer some questions
and substantiate many of the findings
from cohort studies of weight gain fol-
lowing ART initiation, but also raise a
number of additional important ques-
tions, especially as these newer regimens
are expanded to populations in need.
The follow-up questions clinicians are

undoubtedly asking are: What do we do
for patients who experience severe weight
gain following initiation of ART? How
long does this weight gain persist? Will a
switch to an alternative regimen reverse
or attenuate some of this weight gain? If
so, what regimen should they choose? Is
an adjustment in both the backbone and
anchor agent needed? Will adjustment in
the route of administration alter the side
effect profile (ie, will long-acting inject-
able therapy be associated with similar
amounts of weight gain)?

What other mechanisms might be
contributing to this observed weight
gain? Sax et al hypothesize that improved
gastrointestinal tolerability of the newer
ART regimens may be contributing.
This is a plausible mechanism and could
explain the weight gain noted in both
treatment-naive and switch studies, as
participants who feel better subsequently
consume more calories. Data regarding
caloric intake and energy expenditure
was not collected in this analysis, but
could help substantiate this hypothesis if
collected in future studies.

While this study is not without limita-
tions (RAL and DRV were not included
in the analysis and the parent trials were
not designed to compare weight changes),
it is an elegant analysis that adds to the
collection of evidence demonstrating
that INSTIs and, more broadly, modern
ART regimens, are associated with more
weight gain than older ART regimens,
especially in those with more advanced
disease and particularly among those
of black race and female sex. The chal-
lenge for the clinician is to translate these
findings into clinical practice at a time
when many questions remain about the
clinical implications of this weight gain.
Awaiting additional data to provide clin-
ical guidance, I concur with the advice
given by Havlir and Doherty [22] and
Wood [23] in recently published editorial
commentaries: We must incorporate
counseling and anticipatory guidance re-
garding potential weight changes when
initiating ART and continue research to
evaluate the mechanisms, consequences,
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management, and prevention of weight
gain following ART initiation and switch.
Finally, I view these findings as a call to
arms. As we continue to investigate the
causes, consequences, and management
of weight gain following ART initiation
(and switch), we must strive to enroll suf-
ficient numbers of women from diverse
racial and ethnic backgrounds to allow
for sex- and race-stratified analyses.
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