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Abstract

Purpose of review—Weight gain and obesity among people living with HIV (PLWH) is a
serious problem that occurs often after initiation of antiretroviral therapy but may be worse with
integrase strand transfer inhibitors (INSTIs). This paper comprehensively reviews available data
and summarizes our current understanding of the topic.

Recent findings—Recent studies support the concept that weight gain and treatment emergent
obesity are worse with INSTI-based regimens, particularly dolutegravir. Women and non-whites
appear to be the most at risk, and the accompanying nucleoside reverse transcriptase inhibitor may
play a role. Lipohypertrophy, an abnormal accumulation of visceral fat and/or ectopic fat depots,
continues to be a problem among PLWH, but the role of INSTIs is inconsistent. The pathogenesis
of weight gain and changes in body composition in HIV, especially with INSTIs, is poorly
understood but may lead to serious co-morbidities, such as cardiovascular disease and diabetes.

Summary—Although INSTI-based regimens are highly efficacious for viral suppression, they
appear to cause more weight gain and treatment emergent obesity than non-INSTI-based regimens
and may increase the risk of weight-related co-morbidities. More studies are needed to understand
the pathogenesis of weight gain with INSTIs in PLWH, in order to prevent this serious
complication.
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Introduction

Combination antiretroviral therapy (ART) has dramatically reduced AIDS-defining
morbidity and mortality among people living with HIVV (PLWH). However, metabolic
disorders and associated co-morbidities like cardiovascular disease and diabetes continue to
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challenge our ability to provide successful long-term treatment to this population.
Traditional risk factors such as smoking and dyslipidemia, as well as HIV-related
inflammation and immune activation, are well-described causes of cardiometabolic co-
morbidities among ART-treated PLWH [1]. However, obesity and weight gain after ART
initiation are becoming increasingly recognized problems in our modern HIV treatment
paradigm [2, 3H].

Weight gain after ART initiation is a well-known phenomenon among PLWH and can occur
with all antiretroviral classes [4, SH]. Early in the HIV epidemic, weight gain among
PLWH, especially among those with a low baseline body mass index (BMI), low CD4 count,
and high HIVV RNA, was associated with improved survival and immunologic recovery [6, 7]
and therefore was considered a “return to health”. However, median BMI and prevalence of
baseline obesity among PLWH initiating ART has been steadily increasing [4, 5], and many
people gain an excess amount of weight leading to post-treatment obesity [8]. Weight gain in
this context increases the risk of associated co-morbidities like diabetes and cardiovascular
disease [9, 10].

Notably, there is mounting evidence that the class of antiretrovirals known as integrase
strand transfer inhibitors (INSTIs), particularly dolutegravir (DTG), are associated with
more weight gain than other classes of antiretrovirals. This review summaries our current
understanding of weight gain and fat changes associated with INSTIs with a focus on new
data presented over the last 12 months.

Evidence of Differential Weight Gain with Integrase Inhibitors

One early study investigating differences in weight gain with INSTIs vs. other antiretrovirals
was the STARTMRK study, where the INSTI, raltegravir (RAL), was associated with similar
increases in BMI compared to the non-nucleoside reverse transcriptase inhibitor (NNRTI),
efavirenz (EFV), after 156 weeks of ART [11]. Similarly, A5260s, a metabolic substudy of
328 participants from the AIDS Clinical Trials Group (ACTG) A5257 study, investigated the
protease inhibitors (PIs), atazanavir/ritonavir (ATV/r) or darunavir (DRV)/r) vs. RAL in
ART-naive PLWH. After 96 weeks, BMI increased similarly in all arms by 3.8%-4.7% [12].
However, in a follow-up analysis including the entire A5227 parent study population,
investigators looked at people with severe weight gain (defined as >10% weight gain over 96
weeks) or severe BMI gain (defined as an increase of =1 BMI category). Those who started
with at least a normal BMI (=18.5 kg/m2) or who started underweight (<18.5 kg/m?2) at
baseline but became overweight or higher at follow-up were included. In both models,
initiating RAL was associated with more severe weight/BMI gains than either ATV/r or
DRV/r [13].

Several subsequent studies have complemented these early data. For example, a Brazilian
cohort study of 1794 PLWH who initiated ART showed that clinical obesity was more likely
to occur among those who used an INSTI vs. Pl or NNRTI [14]. In a U.S.-based
observational study of 495 participants, investigators compared changes in weight over 18
months in those who stayed on EFV vs. those who changed to a PI- or INSTI-based
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regimen. Those who switched to an INSTI gained significantly more weight (INSTI: +2.9
kg; PI: +0.7 kg; EFV: +0.9 kg) [15].

In contrast, researchers used data from the Surveillance Cohort Long-Term Toxicity
Antiretrovirals (SCOLTA) to evaluate 1118 PLWH who had been on the same regimen of
ART for =1 year (DTG, elvitegravir (EVG), RAL, DRV without INSTI, or the NNRTI,
rilpivirine (RPV)) [16]. While adjusting for multiple confounders, they observed significant
increases in BMI for all treatment groups except RPV; however, there were no differences
between INSTIs and DRV or RPV in adjusted analyses. Likewise, in a recent observational
study using the TRIO Health Network, INSTI use was significantly associated with >3%
weight gain in bivariate analysis but was no longer significant in multivariate analysis [17H].
The only notable variable independently associated with >3% weight gain was a history of a
neuropsychiatric disorder.

A summary of findings from other studies presented over the last 12 months are shown in
Table 1. In general, these studies support more weight gain with INSTIs (especially when
switching from NNRTISs), but the data are not consistent and many must be interpreted with
caution as they originate from observational cohorts and/or retrospective analyses [5H,
18HHE, 190N, 20HN, 211, 2?HE, 230N, 24HE, 25-26, 278, 28-30, 31H, 321, 331,
34M)]. Further details for some studies can be found in subsequent sections.

Weight Gain Among Individual Integrase Inhibitors

Some of the discrepancy in the above studies may be due to a differential effect of individual
INSTIs and/or other factors like differences in the ART regimens prior to switching to an
INSTI. For example, in a retrospective observational cohort study by Bourgi, ef a/[31H],
among 1152 ART-naive PLWH who initiated INSTI-based regimens (135 DTG; 153 EVG;
63 RAL), adjusted average weight gain was higher after 6 and 18 months among those who
started DTG (2.9 kg and 6.0 kg, respectively) or RAL (3.0 kg and 3.4 kg, respectively)
compared to EVG (0.6 kg and 0.5 kg, respectively), but there was no significant difference
between adjusted average weight gain between DTG and RAL. Non-nucleoside reverse
transcriptase inhibitor-based regimens had an adjusted weight gain of 1.1 kg and 2.6 kg after
6 and 18 months, respectively, which was no different than EVG but was significantly lower
than DTG by 18 months. Protease inhibitor-based regimens were associated with a 2.6 kg
and 4.1 kg increase after 6 and 18 months, respectively, which was significantly higher than
EVG and lower than DTG, but this latter comparison was not statistically significant.

Similarly, in a retrospective analysis of the North American AIDS Cohort Collaboration on
Research and Design (NA-ACCORD) data, INSTIs led to a greater change in weight at 5
years after ART initiation compared to NNRTIs and Pls (although the difference with Pls
was not statistically significant). However, at 2 years, there was clearly a difference among
individual INSTIs: DTG led to a non-significant weight gain compared to RAL, and both led
to significantly more weight gain than EVG [32H]. Likewise, a longitudinal observational
study of 691 participants on suppressive ART who switched from a Pl or NNRTI to an
INSTI showed significant annual weight gain after switching to DTG from either a Pl or
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NNRTI and to EVG after switching from an NNRTI (but not from a PI), but there was no
difference with RAL [33H].

Using HIV Outpatient Study (HOPS) data, greater weight gain was also seen among virally-
suppressed participants after a switch to DTG- or RAL-based regimens (greatest with DTG),
but EVG was not associated with increases in BMI [34H]. Likewise, in Norwood, et a/[15],
people who switched to DTG/abacavir (ABC)/lamivudine (3TC) gained the most weight
(5.3 kg) compared to RAL- or EVG-based regimens (2.8 kg), although this difference was
not statistically significant. Finally, in a recent analysis of pooled data from 8 phase 3
randomized-controlled trials, participants on DTG gained significantly more weight gain
than EVG [5H].

Weight Gain with Dolutegravir

The above studies suggest that weight gain with DTG may be worse than other INSTIs.
There should be caution in this interpretation, however, as these studies were mostly
observational or retrospective post-hoc analyses, and some suffered from limited sample size
within subsets and/or potential confounders. Several studies have now evaluated DTG
specifically, given its potential differential effect. Two studies observed weight increases of
3-4 kg among those on DTG [35, 36], and a post hoc analysis of NEAT-002 showed a
significant, albeit small (<1 kg), weight gain after switching from a Pl/r to DTG [21H]. The
highest risk was seen among those switching from DRV vs. other Pls.

The most compelling data comes from the randomized trials in Cameroun (New
Antiretroviral and Monitoring Strategies in HIV-infected Adults in Low-income countries;
NAMSAL) and South Africa (ADVANCE). The NAMSAL study randomized 613 ART-
naive PLWH to either DTG/emtricitabine (FTC)/tenofovir disoproxil fumarate (TDF) or
EFV/FTC/TDF, and the ADVANCE study randomized 1,053 ART-naive PLWH to
EFV/FTC/TDF, DTG+FTC/TDF, or DTG+FTC/tenofovir alafenamide (TAF). In both
studies, participants randomized to DTG gained more weight than those on EFV [18HM,
19HME, 20HH]. In the ADVANCE study, DTG+FTC/TAF was independently associated with
>10% increase in body weight and treatment-emergent obesity.

Weight Gain with the Newest Integrase Inhibitors

Few data exist for the newest FDA-approved INSTI, bictegravir (BIC), but weight gain
appears similar to DTG. In a non-inferiority study of DTG/ABC/3TC vs. BIC/FTC/TAF for
ART-naive PLWH, median weight gains after 96 weeks were 2.4 kg and 3.6 kg, respectively
[22HH]. And, in a non-inferiority study of DTG+FTC/TAF vs. BIC/FTC/TAF for ART-
naive PLWH, median changes in body weight after 96 weeks were 3.9 kg and 3.5 kg,
respectively [23HH]. Finally, in the pooled analysis by Sax, et a/, there was no significant
difference between weight gain for participants on DTG vs. BIC [5H].

Cabotegravir (CAB) is a novel, long-acting injectable INSTI in development for HIV
prevention and as part of combination ART for HIV treatment. In a recent analysis,
investigators looked at weight gain among 177 participants without HIV who received at
least one injection or placebo (134 CAB; 43 placebo) [24HH]. Observed weight changes
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were approximately 1.0 kg in each study arm over approximately 9.5 months with no
significant difference in weight change between arms. These negative data may be due to
study limitations, or may reflect a differential effect of CAB compared to other INSTIs, or
highlight unigue interactions with HIV infection.

Body Composition and Fat Changes with Integrase Inhibitors

Arguably, weight gain and risk of obesity are greater with INSTIs, particularly DTG.
However, BMI alone does not provide a fully accurate reflection of adiposity-related risk. In
ART-treated PLWH, adipose tissue often preferentially accumulates in the abdominal region
and/or in and around visceral organs (like liver and heart) and/or in ectopic fat depots (e.g.,
dorsocervical pad, intermuscular) and is referred to as lipohypertrophy. This abnormal fat
accumulation, especially visceral adiposity and truncal obesity, carries a higher risk of
cardiometabolic co-morbidities and mortality [37]. In addition, HIV infection and ART alter
adipocyte quality and function and produce changes in lean body mass that affect
cardiometabolic risk [38].

To fully assess the implications of weight gain with INSTIs, it is imperative to consider
these specific changes in body composition. Several earlier studies investigated RAL vs.
non-INSTI regimens. In ACTG 5226s, the subset study of A5227, investigators found no
differences in peripheral or central fat (including visceral adipose tissue (VAT)) after 96
weeks between the 2 Pls, ATV/r or DRV/r, vs. RAL. The VAT to total adipose tissue ratio
remained unchanged despite a significant increase in BMI in all 3 groups, suggesting that fat
gain was generalized and proportionally distributed in the visceral and subcutaneous
compartments, even with RAL [12]. However, when analyzing the full ACTG A5257 parent
cohort, larger increases in waist circumference with RAL were seen compared to DRV/r but
not ATV/r after 48 and 96 weeks of ART [39]. In the PROGRESS study that investigated
lopinavir (LPV)/r + FTC/TDF vs. LPV/r + RAL, RAL was associated with increased leg and
arm fat but not truncal fat [40]. Likewise, in a convenience sample of 75 participants from
the STARTMRK study, similar limb and trunk fat gains were seen after 96 weeks in RAL vs.
EFV [41].

There have been several recent studies investigating more modern INSTIs. In Debroy, et al,
greater trunk and leg fat mass increases were associated with per-year INSTI use, although
the effect sizes were small (both +<0.1%) in combined sex mixed-effect models. In sex-
stratified models, per-year INSTI use was only significantly associated with increases in
trunk and limb fat mass for men (with an effect size similar to that in the combined-sex
models) [42H]. In an analysis within the Women’s Interagency HIV Study (WIHS),
investigators evaluated women from 2006-2017 who switched or added an INSTI vs. those
on ART with no INSTI use [27H]. Women with INSTI use had significantly greater average
increases of body weight, BMI, and body fat % (+2.1 kg, +0.8 kg/m?, 1.4%, respectively), as
well as greater increases in waist, hip, arm, and thigh circumferences (+2.0, +1.9, +0.6, +1.0
cm, respectively) and waist-to-hip ratio (+0.002). There were no differences in changes by
INSTI type (DTG, EVG, or RAL).
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Risk Factors for Weight Gain and Fat Changes with Integrase Inhibitors

Not all people initiating ART gain weight. In fact, 30.2% of participants lost weight in a
recent analysis of pooled data from 8 phase 3, randomized-controlled trials; however, 17.3%
of participants had >10% weight gain from baseline [5]. Studies investigating risk factors for
weight gain and fat changes specifically with INSTIs demonstrate that women, blacks, and
Hispanics are particularly vulnerable [15, 33H, 35, 43-45H], although data are inconsistent
[31H, 32H]. Risk factors identified in studies presented over the last 12 months are shown in
Table 2. Notably, INSTI use in combination with TAF or ABC is emerging as a significant
risk factor (although there are fewer data supporting the latter). In Lake, et a/, for example, a
switch to any INSTI with ABC and a switch to EVG with TAF were both statistically
significant, albeit subset sample sizes were limited. In fact, TAF alone appears to be a risk
factor [5H, 46]. More research is needed to know if there is an incremental increase in
weight when TAF and an INSTIs are used together.

Among women in the NAMSAL study, there were more participants who had >10% change
in weight from baseline in the DTG+3TC/TDF arm compared to the EFV/3TC/TDF arm, a
difference that was not seen among men. On the other hand, men on DTG+3TC/TDF were
more likely to develop obesity than men on EFV/3TC/TDF, which was not seen among
women. Interestingly, however, there was no difference in overweight or obesity incidence
between men and women on DTG after 48 weeks, despite more women experiencing a
>10% weight gain. Among women in the ADVANCE study, there was a preferential weight
gain among those who were on DTG+FTC/TAF vs. DTG+FTC/TDF which was not seen
among men [18]. Risk factors associated with weight gain among women in the WIHS study
included minority race/ethnicity, CD4 =350 cells/mm3, undetectable HIV RNA, =50 years of
age, and BMI <30 kg/m2 [27H].

Potential Mechanisms of Weight Gain and Fat Changes with Integrase

Inhibitors

The cause of the differential weight gain with INSTIs is unknown. One proposed
explanation has been the rapid reduction in HIV RNA seen with INSTIs, given the
correlation between HIV RNA and resting energy expenditure (REE) [47]. Indeed, no study
of REE changes in the setting of randomized treatment initiation exists, and, thus, it is
possible that people with untreated HIV start with a high REE that corrects differentially
with different types of ART. In Bourgi, et a/, participants starting INSTIs were significantly
more likely to achieve virologic suppression early after treatment initiation (at 6 weeks, 3
months, and 6 months). However, by the end of the study follow-up (at 18 months), rates of
viral suppression were similar across all ART regimens, despite increased weight gain
among INSTIs. Likewise, there was no difference in rates of virologic suppression between
DTG and EVG, although there was more weight gain with DTG [31H]. Similarly, in some
studies, larger decreases in plasma levels of inflammation and immune activation are more
evident with INSTIs compared to other antiretrovirals [48—50M], but biomarker changes do
not appear to be correlated with weight gain [48].
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Serum levels of biomarkers, however, may not accurately reflect processes occurring at the
adipose tissue level and/or within adipocytes. For example, drug concentrations within
adipocytes vary among different antiretrovirals, with high concentrations for DTG, EVG,
ATV, and EFV and reduced concentrations for NRTIs [51]. Elvitegravir was shown /n vitro
to impair adipogenesis and adipocyte metabolism but to a lesser extent than EFV, and RAL
had no effect [52]. This confirms earlier studies showing minimal effect of RAL on
adipogenesis [53, 54]. Likewise, a recent study showed that PLWH with a CYPB26 “slow
metabolizer” genotype gained more weight after switching from EFV to an INSTI; however,
this effect was only seen among white participants (and not blacks) and with EVG and RAL
(and not DTG) [55HM]. Dolutegravir also inhibits the binding of radio-labeled a-melanocyte-
stimulating hormone to the human recombinant melanocortin 4 receptor, which is involved
in the regulation of energy homeostasis and food intake [56].

Another potential explanation that was highlighted by the previously mentioned Trio health
study is that INSTIs may be associated with an exacerbation of neuropsychiatric disorders
and the subsequent use of psychiatric medications known to increase weight in the general
population [17H]. In that Trio analysis, the presence of neuropsychiatric disorders was the
only factor independently associated with weight gain of >3% over 1 year of continual
suppressive ART in treatment-experienced individuals. Notably, the conglomeration of
studies mentioned above did not collect or mention neuropsychiatric diagnoses or
medications in the analyses.

Another possible hypothesis is that the weight gain and subsequent metabolic complications
may be due to altered gut integrity, potentially due to changes in the intestinal microbiome.
Indeed, in A5260s, we found that pre-treatment levels of intestinal fatty acid binding protein,
a marker of gut integrity, was an independent predictor of weight gain and visceral adipose
tissue gains for PLWH on ART [57H]. The differential effect of INSTI on gut dysfunction,
however, remains unclear.

Clearly, no single process explains the increased weight gain with INSTIs, particularly given
the differences among specific INSTIs and patient subgroups. Furthermore, in the
NEAT-022 study, decreases in serum adiponectin levels were associated with increases in
BMI after switching from a Pl to DTG [50H]; however, another study showed improvements
in insulin sensitivity despite decreases in serum leptin levels and a trend toward increased
waist circumference after switching from a Pl to DTG or RAL [58]. These seemingly
contradictory study findings add to the mystery regarding the etiology of weight gain
associated with INSTIs.

Implications of Weight Gain with Integrase Inhibitors

While prior studies show that weight gain after ART initiation increases the risk of diabetes
and cardiovascular disease [9, 10], little is known about whether weight gain with INSTIs
has differential effects in terms of co-morbidity risk. A few recent studies have suggested
that despite weight gain with INSTIs, there may not be an equal increase in clinically-
significant metabolic parameters [30, 59, 60], although data are conflicting [61]. Further
research in this area is needed.
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Conclusion

There is mounting evidence that INSTI-based regimens cause more weight gain and
treatment-emergent obesity than other ART regimens, although there are clearly differences
among various INSTIs, NRTI backbones (specifically the TAF component), and patient
subsets. Dolutegravir appears to have the greatest effect with perhaps minimal effect with
EVG, although data are inconsistent, and more randomized studies accounting for diet and
lifestyle factors are needed. The role of the accompanying NRTI backbone is ill-defined,
although TAF is emerging as a potential independent contributor of weight gain. Whether
INSTI-based regimens also contribute to lipohypertrophy, especially increases in visceral
adiposity, or whether they increase the risk of cardiometabolic co-morbidities remains
unclear. Additional studies to better delineate these unanswered questions are paramount as
we move forward in this modern ART era.
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KEY POINTS

Weight gain is common after antiretroviral therapy but appears to be greater
with INSTIs.

Dolutegravir seems to have the greatest effect, although data are inconsistent,
and the role of the NRTI backbone (especially the TAF component) is poorly-
defined.

Whether INSTIs contribute more than other antiretrovirals to the development
of lipohypertrophy (especially increases in visceral adiposity) or increase the
risk of co-morbidities is unclear.

Women and non-whites appear to be most at risk for excess weight gain with
INSTIs.

The etiology of differential weight gain with INSTSs is unknown and more
data are needed.
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