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Abstract

Rapid advances in the potency, safety, and availability of modern HIV antiretroviral therapy (ART) have yielded a near-normal life expectancy for
most people living with HIV (PLWH). Ironically, considering the history of HIV/AIDS (initially called “slim disease” because of associated weight
loss), the latest dilemma faced by many people starting HIV therapy is weight gain and obesity, particularly Black people, women, and those who
commenced treatment with advanced immunodeficiency. We review the pathophysiology and implications of weight gain among PLWH on ART
and discuss why this phenomenon was recognized only recently, despite the availability of effective therapy for nearly 30 years. We
comprehensively explore the theories of the causes, from initial speculation that weight gain was simply a return to health for people
recovering from wasting to comparative effects of newer regimens vs prior toxic agents, to direct effects of agents on mitochondrial
function. We then discuss the implications of weight gain on modern ART, particularly concomitant effects on lipids, glucose metabolism,
and inflammatory markers. Finally, we discuss intervention options for PLWH and obesity, from the limitations of switching ART regimens or
specific agents within regimens, weight-gain mitigation strategies, and potential hope in access to emerging antiobesity agents, which are
yet to be evaluated in this population.

Key Words: weight gain, obesity, antiretroviral treatment, HIV, metabolic consequences

Abbreviations: ART, antiretroviral therapy; ARV, antiretroviral; INSTI, integrase strand transfer inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor;
NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor; PLWH, people living with HIV; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil
fumarate.

Modern antiretroviral therapy (ART) has been one of the
most remarkable and rapid medical evolutions of the last 30
years. People living with HIV (PLWH) enjoy a life expectancy
approaching normal because of marked improvements in the
potency and ease of use of ART, where HIV routinely caused
progressive morbidity and eventual death from AIDS in the
vast majority of people prior to the discovery of effective com-
bination therapy (1, 2). Current first-line therapy involves a
combination of 3 (or occasionally 2) antiretrovirals (ARVs)
in a single, well-tolerated coformulated tablet that routinely
completely suppresses viral replication in adherent patients,
usually in a matter of weeks (3-5). ARV resistance to newer
agents, a common problem with even slight lapses in adher-
ence to older regimens, is now very unusual. Current ART
has largely achieved its intended goals of providing highly

tolerable, easily administered drugs that quickly and persist-
ently suppress the HIV virus and allow a rapid return to health
for PLWH.

Increasing attention is now being paid to chronic complica-
tions observed among people taking lifelong ART. Chief
among them is excessive weight gain and resulting obesity
(6). Notably, the degree of weight gain that has been demon-
strated for a high proportion of PLWH on modern ART regi-
mens seems out of proportion to but enhanced by a
concomitant worldwide obesity epidemic (7-9). Although
the mechanisms that cause weight gain in this population
are not fully resolved, we discuss the current leading hypoth-
eses, including an expected “return to health” where
the inflammation-induced metabolic demand is reversed
with virological control of HIV, medication-specific weight
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gain—mitigating or enhancing effects, and immunologic and
microbiome-mediated weight changes caused by HIV infec-
tion itself (2-4). We also briefly review the development of
ART regimens, which therapies are most tightly linked to
weight gain, and discuss risk factors for weight gain among
PLWH on ART, including female sex, Black race, advanced
HIV disease, and older age, as well as their implications for
the global HIV epidemic.

We explore the implications of weight gain among PLWH
on ART. Although obesity is associated with a myriad of well-
documented long-term medical complications, there are lim-
ited data yet supporting these same associations among
PLWH having treatment-emergent weight gain, mainly as
the association has been recognized only recently and follow-
up has been limited. Despite these limitations, recent studies
have begun demonstrating increased risk of type 2 diabetes
(10). We conclude with a discussion of proposed strategies
to combat weight gain for PLWH on ART and discuss re-
search priorities to address the gaps. We searched PubMed
for clinical trials, cohort studies, case reports, and relevant
conference abstracts investigating weight gain, using our
own knowledge of the area, having been involved in one of
the most intensely characterized modern ARV studies demon-
strating weight gain on current ART.

Weight Changes on Antiretroviral Therapy,
and Mechanisms

Immune Dysregulation, Weight Loss, and AIDS

Historically, weight loss was a hallmark of HIV disease pro-
gression in the pre-ART era; it was known locally as “slim dis-
ease” in Uganda as it was such a characteristic finding of HIV
infection (11). The syndrome often signified an inexorable and
rapid decline in immunological and clinical reserve that her-
alded AIDS and death. Weight was strongly correlated with
prognosis, and weight loss was included both in World
Health Organization and US Centers for Disease Control
and Prevention staging definitions of AIDS (12).

HIV replication and the ensuing inflammatory response
causes a catabolic form of weight loss. During acute infection,
viremia causes significant and permanent lymphoid damage
and immunologic dysfunction, which is followed by immune-
mediated virologic control. Ongoing viral replication,
microbial translocation from the gut, inflammation, cellular
activation, proliferation, and exhaustion, lead to immune de-
pletion and progressive loss of virologic control. The persist-
ently high turnover of T cells and removal of billions of
virions daily, with associated ongoing inflammation, signifi-
cantly elevates basal metabolic rate, with increased energy
expenditure (13). Persistent inflammation has an effect on
appetite, and one of the early reported benefits of ART initi-
ation is increased hunger, presumably due to rapid control
of viremia and inflammation (14).

This damage to the gastrointestinal immunological tissue
facilitates ongoing inflammation within the gut wall, substan-
tial changes to the gut microbiome, and consequent malab-
sorption of the many components of food, documented in
many studies in PLWH (8, 15-18). This is further complicated
by the development of opportunistic infections and neoplasms
as immune deficiency develops, where the gastrointestinal sys-
tem, along with the lung, bears a major brunt of the
HIV-related disease load, again with effect on appetite,

malabsorption, dysphagia, decreased energy intake, and sub-
sequent weight loss.

This panoply of weight-loss—inducing mechanisms led to
the stereotypical, stigmatized portrayal of the emaciated
AIDS patient at the end of life. It led to the common use of
the “Lazarus-like response” description of people with ad-
vanced HIV and AIDS who gained access to ART beginning
in the mid-1990s, as people rapidly recovered, often from a
hospice-level placement, in a matter of weeks or months (1).

Why is this immune deficiency catabolic state and associ-
ated weight loss important in the pathophysiology of weight
gain? One of the major predictors of weight gain on successful
modern ART is prior severe immune deficiency, which is asso-
ciated with weight loss, at the initiation of ART—even years
before—when switching across to newer drugs (9, 19, 20).
In addition, those who have lost weight previously do seem
to have the most rapid rebound in weight, although it is un-
clear how much of a return to health, or whether the trajectory
is sustained after health is restored (19). Hypotheses concern-
ing starvation states being associated with subsequent weight
gain, once ART is started, are discussed later, but these may be
applicable to patients with late-stage AIDS.

History of Antiretroviral Therapy Drug Evolution

In both the early and modern ART era, many HIV-positive
people gained weight following ART initiation during initial
immunological recovery (9, 21-23). This initial weight gain
occurred by control of HIV viremia, immune reconstitution,
and resolution of opportunistic infections. Viremia resolves
often in just a few weeks, and inflammation subsides, appetite
returns, and opportunistic infections are brought under con-
trol, with suppressive ART (13, 24).

However, weight loss and aberrant fat redistribution due to
mitochondrial toxicity, termed lipodystrophy, and lipoatro-
phy, were a feature of prolonged use of older ART therapies,
rather than routine weight gain (25). Lipoatrophy, a toxicity
related to mitochondrial depletion that led to differential fat
depletion in the limbs and face, a disfiguring and often per-
manent feature of certain nucleoside reverse transcriptase in-
hibitors (NRTIs), commonly used drugs like stavudine and
zidovudine that have largely disappeared from clinical use in
the last decade. Other classes, notably the protease inhibitors
(PIs), were associated with considerable gastrointestinal side
effects ranging from nausea to diarrhea, and again could
lead to weight loss, and again, are far less prescribed than be-
fore as alternate ARVs have become available (24, 26, 27).

Widespread use of the PIs and associated abdominal fat ac-
cumulation, the “protease paunch,” were assigned causation.
However, retrospective examination of registration data sets
later revealed that this paunch, as well as reports of breast en-
largement among women, was actually a combination of
weight gain similar to what we are seeing with current regi-
mens, coupled with loss of surrounding fatty tissue due to lip-
oatrophy after concomitant NRTI thymidine analogue
administration, largely stavudine and zidovudine, and that
this ongoing weight gain over-accentuated abdominal and
breast tissue enlargement even further, rather than the Pls
causing abdominal enlargement (26).

Advent of Modern Antiretroviral Therapy

Adherence improved throughout the 2000s as legacy drugs
were replaced with less toxic ARVs that had less
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mitochondrial effect and better tolerability. These efforts have
been remarkably successful, with most of the older agents no
longer in use, as tenofovir disoproxil fumarate (TDF) and aba-
cavir replaced stavudine and zidovudine. Later TDF and aba-
cavir’s role in weight loss were interrogated, as a new
tenofovir prodrug, tenofovir alafenamide (TAF), appeared
on the market in 2016 (28).

Similarly, widespread use of efavirenz, a nonnucleoside re-
verse transcriptase inhibitor (NNRTI) had come into use, re-
placing older, more toxic agents in the class, nevirapine, and
the PIs, which had substantial gastrointestinal and metabolic
side effects and a large pill burden. Efavirenz has a low resist-
ance barrier and considerable side effects, including an ad-
verse effect on glucose and lipids. The clinical step forward
from nevirapine and PIs was significant in terms of tolerabil-
ity, with most patients tolerating the drug well, and clinical
use shifted quickly (24).

For perspective, by 2012, most of the world’s tens of mil-
lions of PLWH globally were simultaneously on a TDF and
efavirenz-containing single-pill compound, in combination
with a cytosine analogue, either lamivudine or emtricitabine.
It was during the advent of this new era of once-daily, better
tolerated ART regimens that weight gain first came to atten-
tion. A large study in North America, with 14 000 people
from 17 cohorts and conducted prior to the widespread intro-
duction of dolutegravir, bictegravir, and TAF-containing reg-
imens, found that approximately 20% changed from a normal
body mass index to overweight after 3 years of treatment, and
a similar proportion (18%) went from being overweight to
obese in the same time frame (22). Although it was perhaps
underappreciated at the time, this was one of the first signals
that the better ART drugs might be associated with unexpect-
ed increases in body weight.

Risk Factors for Weight Gain With Modern Agents

Further concerns about weight gain emerged with the entry of
TAF on the market, and the large-scale use of the
second-generation integrase strand transfer inhibitors (INSTIs),
that rapidly began replacing the NNRTIs, flagged initially in
2017, as patients began switching from TDF to TAF, and some
patients gained weight, with greater gains reported on
INSTI-based regimens compared to other regimens (7, 28).
Most PLWH in low- and middle-income countries are receiving
TDF, lamivudine, and dolutegravir, while in high-income coun-
tries, patients receive variations of that combination, including
as a dual-therapy dolutegravir and lamivudine combination, or
a combination of TAF, emtricitabine, and bictegravir. All these
combinations have equivalent potency and are very well tolerated
(3-5). Dolutegravir and bictegravir, as well as lamivudine and em-
tricitabine, have minor differences in terms of biochemistry and
side effects. TDF and TAF have different metabolic and weight
trajectory effects, discussed later, with more data available on
TDF and dolutegravir and weight gain; both have been available
longer and are used far more widely.

Further data highlighted the differential effect of different
classes of ARVs on weight, but also the effect of race and
sex, with INSTIs having the biggest effect on weight gain,
and Black patients and women being most affected by weight
gain. In 2019, the first prospective randomized evidence on
weight gain emerged from 2 major, large, independent studies
both using INSTIs and one using TAF, demonstrating signifi-
cantly greater weight gain using these agents when compared

to an efavirenz-containing comparator arm widely used across
the world at the time, in PLHIV initiating ART (29, 30).
Notably, weight mass gains were higher among women than
men. In the study conducted in South Africa, dual-energy
x-ray absorptiometry data were collected and demonstrated
both lean and fat mass increased in the limbs and trunk, al-
though increase in fat mass accounted for more of the weight
gain. Women had a mean weight gain of more than 8 kg after
96 weeks, with subsequent longer-term data presented in
2022, demonstrated ongoing weight gain (31). A meta-
analysis of registration data for the bictegravir studies, which
used a range of comparator ARV agents in the multiple studies
that were required for registration of the TAF/emtricitabine/
bictegravir combination in use throughout North America
and Europe, demonstrated very similar results (9).

Tenofovir Prodrugs and Effect on Weight
Trajectories

Two NRTIs formed the backbone of almost every ART regi-
men for decades, until very recently, with the rise of dual ther-
apy and injectable ARVs (32). Currently, with older drugs
implicated in lipoatrophy steadily falling out of use, only 2
cytosine analogues, lamivudine and emtricitabine, widely re-
garded as being indistinguishable from each other and having
minimal effect on weight, and 2 tenofovir prodrugs TDF and
TAF, and abacavir, are still advocated in guidelines for first-
line therapy.

The 2 tenofovir prodrugs are unique in that they have been
used in studies in HIV-negative populations as preexposure
prophylaxis in combination with the cytosine analogues, both
in placebo-controlled studies as well as in head-to-head studies
against each other. This allows for comparison without the con-
founding effects of HIV and associated disease-specific weight
loss (28, 33). In these studies, TDF has a weight-mitigating ef-
fect, with HIV-negative participants in registration studies com-
paring TDF and placebo, in combination with emtricitabine,
where an approximate 1-kg weight difference was seen between
blinded arms after a year. Other randomized and observational
studies supported this weight-mitigation role of TDF, both in
prophylaxis and HIV treatment studies (33). A recent switch
study, from TAF to TDF, in patients treated on a
TAF-containing regimen for 192 weeks and then switched,
showed a 1.2-kg weight loss after 48 weeks, similar to a
Finnish and German cohort (7, 34).

It is unclear as to the mechanisms of weight mitigation seen
with TDF. The drug decreases fat mitochondrial DNA in ex-
cision biopsy studies when measured against abacavir and af-
fects fat distribution differently from abacavir and TAF
(35, 36). A popular hypothesis, based on trial data and clinical
practice, is that TDF may cause low-level loss of appetite or
nausea, sufficient to offset food intake, although rarely affect-
ing adherence, although this does not explain the aforemen-
tioned excision biopsy data (33).

The alternative prodrug TAF was developed after TDF and
quickly replaced TDF in high-income countries based on ben-
efits in reduced renal and bone mineral density toxicities that
are less prevalent with TAF. However, concern about its effect
on weight began to mount, as weight gain data became avail-
able in patients switching from TDF to TAF (4, 37-45). A 1-kg
weight difference was seen in TAF preexposure prophylaxis
registration data, between TAF and TDF, in HIV-negative
men and transgender women in head-to-head comparison
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studies (28, 33). Initiation of regimens in ART-naive popula-
tions has shown significant weight differences, out to 192
weeks of treatment in prospective independent studies, of
3 kg vs TDF (4.4 kg in women) and was confirmed in retro-
spective review of registration data (9, 31). It is unclear
whether differences in weight trajectories between these two
drugs are because TDF is mitigating against weight gain,
whether TAF directly causes weight gain, or some combin-
ation of both (28). However, a recent retrospective study com-
paring different doses of TAF found a higher dose appeared to
be associated with greater weight gain, albeit with significant
risk of bias (46). Studies comparing TAF-based regimens to
new long-acting classes of medications are eagerly awaited
in 2023, and should they demonstrate similar weight changes,
would suggest TAF is weight-neutral, that is, it does not affect
the weight trajectory.

Abacavir, which has been used in the last 20 years primarily
as an alternative to TDF due to a better renal toxicity profile,
has recently been reexamined in light of this concern regarding
weight gain with TDF and TAF (28, 47). Abacavir’s use is lim-
ited by concerns around increased cardiovascular events in
high-risk patients, and an expensive complex genetic screen
recommended before initiation in White patients for a poten-
tially severe hypersensitivity side effect. Data are far more lim-
ited regarding weight gain or possible mechanisms, but it
appears that abacavir does cause weight mitigation relative
to TAF, although not as much as TDF (47).

In the aggregate, it appears that TDF and abacavir have a
weight-mitigating effect over TAF. The jury is still out on
TAPF’s individual effect on weight gain, or whether it is weight-
neutral, but registration data with new agents from complete-
ly different classes, where TAF is commonly within the
comparator regimen, will shed light on this in 2023. There
have been almost no current data on whether these 3 agents
have a further direct effect on hormonal or cognitive pathways
that may affect appetite or metabolic pathways that may gov-
ern energy expenditure.

Integrase Inhibitors and Effect on Weight
Trajectories

With clear signals from large observational trials, followed
then by large randomized clinical trials (RCTs) and pooled
retrospective analyses of registration RCT data, a large
amount of research has consistently accumulated demonstrat-
ing that INSTIs, except for the newest INSTI, cabotegravir
(importantly, not tested with TDF or TAF), are associated
with weight gain (47). In AFRICOS, a prospective observa-
tional cohort from 4 African countries, PLWH on
dolutegravir-based ART were twice as likely to have a high
body mass index of 25 or more compared to those on
non-INSTI regimens (48).

Data suggesting that INSTIs are implicated in weight gain
initially came from large observational studies, showing a
greater role for this class than PIs or NNRTIs (7, 28, 45, 49-51).
Prospective data came from the ADVANCE and NAMSAL studies,
RCTs conducted in South Africa and Cameroon, respectively,
in which ART-naive adults were randomly assigned to
dolutegravir-containing drug combinations and compared
against efavirenz (36, 52). Dolutegravir-based regimens re-
sulted in significant weight gain, with differences observed
as early as 4 weeks post ART initiation and persisting through
the latest visit at week 192, especially when combined with

TAF in the case of ADVANCE, and were greatest among
women in both trials. At 192 weeks, ADVANCE demon-
strated a 2.7-kg difference between the dolutegravir and efa-
virenz arms, when NRTI backbones were kept the same
(31). This pattern of weight gain seen in these 2 studies and
the relatively continuous trajectory has been confirmed across
other studies in which INSTIs-based regimens were used as
first-line or switch options (9, 20, 43).

Overall, it appears that dolutegravir and bictegravir, the 2
agents used largely for treatment and postexposure prophylaxis
regimens, are associated with the most weight gain among the
INSTI class, followed by 2 older INSTIs that have largely fallen
into disuse, raltegravir (currently only used in pediatrics) and
elvitegravir (47). The one exception was cabotegravir, which
was not associated with weight gain in either treatment or pre-
vention studies, probably as it was used in combination with ril-
pivirine, not TDF, TAF, or efavirenz, which may have had more
weight-change effects (47, 53).

Mechanistic  pathways have been proposed for
INSTI-related weight gain, although current data are uncon-
vincing (3, 12). Limited qualitative and subjective data suggest
that dolutegravir increases feelings of hunger (32), and in mac-
aques, decreases levels of leptin (33). Dolutegravir could also
drive increased capacity for energy harvest (34). Important in
glucose and presumably appetite regulation, in patients switched
to dolutegravir from PIs (54). Controversial studies have ad-
dressed human recombinant melanocortin-4 receptor, impli-
cated in appetite regulation, and where dolutegravir has been
found to affect binding ability (55). Several studies have shown
profibrotic and other cellular effects on adipocytes by different
INSTIs, both in HIV-positive and -negative patients (56, 57).
One study demonstrated mitochondrial dysfunction with dolute-
gravir or elvitegravir compared with PIs or NRTIs (58).

The most influential study refuting that INSTIs are causa-
tive in weight gain trajectories came from ADVANCE
(59, 60). Prior work has demonstrated that efavirenz is metab-
olized via the cytochrome P450 2B6 enzyme (CYP2B6) path-
ways, and that slow metabolizers have associated significant
side effects closely associated with elevated drug levels, includ-
ing metabolic changes (lipid and glucose levels), as well as
bone, central nervous system, and hepatic toxicity.
Subsequently, researchers demonstrated that slow metaboliz-
ers of efavirenz switched to INSTI-containing regimens had
the most weight gain. ADVANCE researchers demonstrated
that medium and fast metabolizers of efavirenz had the
same weight trajectory as the dolutegravir arm once the
slow metabolizers were removed from the analysis, and a sub-
sequent study revealed that increasing efavirenz levels in the
cohort was associated with greater weight loss. The practical
implications of this are 2-fold: Switching from an INSTI to
efavirenz would not be anticipated to lead to weight loss in
people who are medium or fast metabolizers. Second, and im-
portant, patients in whom it did work would be those most
prone to efavirenz’s worst side effects, including a range of ef-
fects that add significantly to cardiovascular risk.

Fig. 1 summarizes factors driving or mitigating weight
changes for PLWH on ART.

Modern Antiretroviral Therapy and Weight Gain

in Pediatric Populations

Although substantial gains have been made in vertical trans-
mission of HIV, pediatric HIV infections continue to occur.
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Figure 1. Summary of factors driving or mitigating weight changes for
people living with HIV on antiretroviral therapy (not to scale). Source:
Hill A. Are new antiretroviral treatments increasing the risks of obesity?
[conference presentation]. In: 17th European AIDS conference, Basel,
Switzerland; 2019. Used with permission ref Shah, S. and A. Hill, Risks
of metabolic syndrome and diabetes with integrase inhibitor-based
therapy. Curr Opin Infect Dis, 2021. 34(1): p. 16-24.

Side effects of many antiretrovirals, especially mitochondrial
toxicity, tend to be delayed in children, but do follow a similar
pattern with time. However, very few data are yet available on
weight gain or cardiometabolic complications in children and
adolescents with the new agents, with a recent systematic re-
view showing no concerns with raltegravir or dolutegravir
use (61).

Antiretroviral Therapy Pipeline

Many long-acting therapeutic agents are under investigation,
partly as the current daily oral offerings are remarkably safe
and effective, offering little room for improvement, and partly
as patient preference studies have indicated strong preference
for long-acting agents over conventional daily dosing (32, 62).
The first long-acting treatment offering, a dual injection of ril-
pivirine and cabotegravir given every 2 months as 2 separate
injections, appears to be safe, effective, and weight-neutral
when compared against a standard daily offering, and was re-
cently registered by the US Food and Drug Administration
based on noninferiority studies.

Other offerings that are in phase 2 and 3 include islatravir
and lenacapavir, both with recent setbacks regarding toxicity
but with development now recommenced, in combination
with each other, and with existing and novel investigational
ARVs. The comparison gold-standard arm in these arms is
largely TAF/emtricitabine and bictegravir, the major commer-
cially successful combination in North America and Europe,
with weight analysis part of the evaluation, and data keenly
anticipated. Lenacapavir is also being explored as pre-
exposure prophylaxis, again with weight measurements, but
the lymphocyte toxicity signal seen with higher doses of isla-
travir has meant that the oral and implant prophylaxis studies
have been terminated. Favorable early efficacy and toxicity
data with these 2 agents, using lower islatravir oral weekly
dosing, suggests they may form part of the treatment land-
scape soon, meaning close attention on their effect on weight
(32, 62). While these early offerings have already had chal-
lenges during development, it is likely that long-acting ARVs
will steadily become a major alternative, if not altogether re-
place, daily therapy in the future, with weight gain a major
factor in agent selection.

Alternative HIV-specific Mechanisms That May
Effect Weight Gain

Could there be other mechanisms to explain the
greater-than-expected weight gain trajectory, especially in
high-risk groups? Theories have been advanced that the effect
on gut lymphoid tissue may affect food reabsorption, al-
though this seems unlikely, as nutrient uptake is already
very efficient. More plausible is that absorption is altered
somehow in a way that affects hunger hormones that regulate
appetite (8§).

An alternative, perhaps allied hypothesis, is that PLWH
have undergone a starvation-type state, not unlike that seen
with dieting and other starvation states, that exert strong com-
pensatory forces on the neuroendocrine axis to reverse and
often even have an over-rebound effect on weight thresholds.
Whether this applies to underweight PLWH is unknown, but
fetuses, children, adolescents, and adults exposed to famine
conditions, on being returned to normal feeding conditions,
have a greater incidence of obesity (63, 64).

Weight gain associated with medication use, as an unwant-
ed side effect, is now well recognized but often underappreci-
ated by clinicians (65). HIV status is associated with comorbid
mental health conditions in many communities, and the psy-
chiatric medication used to treat many of these conditions
are among the most potent causes of weight gain. Many of
the RCTs and observational trials described earlier controlled
for this, as well for other common medications associated
with weight gain, such as contraception and steroid use,
and did not find an association. Other mental health issues,
specifically depression, associated with HIV and other chronic
conditions, may further influence eating patterns and weight
gain on ART.

Finally, sleep disturbances, specifically sleep apnea as a fea-
ture of HIV infection, are a characteristic of HIV, and similar-
ly have complex interplay in the pathophysiology of obesity
(66, 67). Sleep, specifically insomnia, altered dreams, and de-
creased quality of sleep has long been described as a side effect
of specific ARVs, most recently of second-generation INSTTs
as discussed earlier, but little is understood about the causal
relationship between weight gain HIV, ARVs, and sleep
alteration.

Implications of Weight Gain Among People Living
With HIV on Antiretroviral Therapy

The long-term changes and cardiovascular consequences of
ART-associated weight gain are still unknown. Weight gain
associated with the newer agents has been associated with sur-
prisingly few short-term changes in cardiovascular risk factors
such as blood pressure, lipids, and glucose, considering the
large number of studies conducted and the magnitude of
weight gain in many of the studies, and the fact that these
data are often routinely collected in registration and other
studies (20, 36). Reported changes so far have been the ex-
pected metabolic changes associated with TDF, which has a
beneficial effect on lipid profiles, and with efavirenz, which
has a detrimental effect both on lipids and glucose (34, 68).
Type 2 diabetes has been reported from observational studies,
but again, considering the magnitude of the INSTI roll-out
across the world, it is difficult to separate this from normal in-
cidence. Some studies do suggest an association with elevated
blood pressure, and more recently associations with elevated
glucose and type 2 diabetes (10, 69-77).
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However, several modeling studies suggest the weight gain
alone will have a substantial effect on cardiovascular risk, as
well as on pregnancy maternal and fetal outcomes (78-81).
Time will tell how much clinical effect weight gain will have
in this population, and there are several HIV cohorts that
are well positioned to supply these data, although prior and
even current associations with cardiovascular risk and differ-
ent ART drugs and drug classes have been frustratingly diffi-
cult to untangle regarding association and causation (10, 68,
71, 82-85).

What Needs to Be Done?

Little is known about what might prevent or help alleviate
weight gain in PLWH. The immediate priority is studies to
both understand the underlying mechanisms of weight gain,
as well as optimal approaches to address obesity (6).

At an individual level, several approaches may need to be
tested. As a revolution in approaches to obesity management
enter the medical world, spanning new understandings of the
physiology of weight gain, evidence-based understandings of
the role and limitations of lifestyle advice, the rise of safer bari-
atric surgery techniques, but especially the new availability of
weight loss pharmaceuticals, we need to ensure effective inter-
ventions are available to PLWH, and whether these advances
are suitable for this group that may have a relatively unique
obesity physiology (86, 87).

First, identifying less-obesogenic ART regimens, especially
in those at risk of weight gain, may help patients and providers
concerned about weight gain. This may differ for PLWH ini-
tiating ART vs those on established treatment and may vary
for those with established obesity vs those on a trajectory at
risk of obesity. The studies listed earlier already give us
some understanding as to risk factors, and which medications
are most associated with weight gain. However, in many
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studies, weight gain was lowest on medications like efavirenz,
but only when associated with a high risk of significant tox-
icity, suggesting that some weight gain may be inevitable.
Some studies have been proposed that have replaced TAF
and INSTIs with alternatives, with weight outcomes as a pri-
mary outcome. It may be that the new long-acting formula-
tions do not affect weight gain trajectories, and that other
interventions are needed.

Second, focus on healthy living deserves emphasis, as it does
in the general population. In HIV-negative populations, exer-
cise and caloric-restrictive diets have a very limited effect in
the medium term on weight loss in those with established
obesity (88, 89). It is possible that the pathophysiology of
weight gain in HIV-positive people is sufficiently different
that there may be more success in this population, but this
would need to be tested. Irrespective, small studies have dem-
onstrated metabolic success, if not significant weight reduc-
tion, with diet and exercise interventions, in PLWH (90-95).

Finally, the rise of highly effective weight-loss medication,
with results rivaling bariatric surgery, has created options
for patients and providers in the general community frustrated
at the lack of success of traditional medical “eat less and move
more” advice. Older oral combination medications were real-
izing average weight reductions over 5%, traditionally the
benchmark for a clinically relevant effect on other risk factors,
and some were able to approach 10% after just over a year.
Initial studies using repurposed diabetes medications such as
subcutaneous glucagon-like peptide-1 daily injectables had a
modest effect on weight loss, but semaglutide 2.4 mg, a week-
ly offering, recently showed results approaching 15% at
72 weeks, and a dual glucose-dependent insulinotropic pep-
tide and glucagon-like peptide-1 receptor agonist, tirzepatide,
suggested results beyond 20%, with many other agents under
development (88, 89, 96, 97), summarized in Table 1. The
safety profiles of these agents suggest that they could be

Table 1. Comparison of antiobesity medications showing treatment effect from randomized controlled trials, highest and lowest available

national prices, and estimated minimum price per course

Drug (route) (course duration)
(kg) (study duration)

Average weight loss on treatment vs placebo, %

Estimated
minimum price

Highest
national price

Lowest
national price

Oral treatments

Orlistat (120 mg 3x/d for 30 d)

Naltrexone-bupropion (8 mg/90 mg 4x/d
for 30d)

Topiramate-phentermine (92/15 mg/d for
304d)

Semaglutide (14 mg/d for 30 d)

S/C treatments

Semaglutide (2.4 mg/wk, price calculated
for 10.25 mg per 30d)

Liraglutide (3 mg 1x/d for 30 d)

Tirzepatide (15 mg once weekly, price
calculated for 12.67 mg per 30 d)

Treatment —8.8% (—8.7 kg) vs placebo —5.7%
(—5.8 kg) (after 52 wk)

Treatment —6.4% (—6.2 kg) vs placebo —1.9%
(—1.3 kg) (after 56 wk)

Treatment —9.8% (—10.2 kg) vs placebo —1.2%
(1.4 kg) (after 56 wk)

Treatment —5.3% (—5.0 kg) vs placebo —1.3%

(—1.2 kg) (after 20 mg 1x/d for 26 wk, in
patients with T2DM)

Treatment —14.9% (—15.3 kg) vs placebo
—2.4% (2.6 kg) (after 68 wk)

Treatment —8.0% (—8.4 kg) vs placebo —2.8%
(—2.8 kg) (after 3 mg 1x/d for 56 wk)

Treatment —20.9% (—21.4 kg) vs placebo
~3.1% (3.2 kg) (after 72 wk)

$100 (US $1 (Vietnam) $7
VETS)

$326 (US $56 (South $54
PHARM) Africa)

$199 (US $1.3 (Kenya)  $1.4-$5
PHARM)

$578 (US $65 (India) NA
VETS)

$804 (US $95 (Turkey)  $40
PHARM)

$1418 (US $252 $50
PHARM) (Norway)

$1100.70 (US ~ $715.56 (US  NA
PHARM) VETS)

Used with permission ref Levi J, Wang J, Venter F, Hill A. Estimated minimum prices and lowest available national prices for antiobesity medications:
Improving affordability and access to treatment. Obesity (Silver Spring). 2023; 1-10. d0i:10.1002/0by.23725.
Abbreviations: NA, not available; S/C, subcutaneous; T2DM, type 2 diabetes mellitus; US PHARM, US Drug Online Pharmaceutical Drug Price Database; US
VETS, US Department of Veterans Affairs Medical Insurance Drug Price Database.
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used far more confidently and broadly than older, more toxic
weight-loss regimens.

It is possible that both the therapeutic and structural inter-
ventions will be no different for PLWH, when compared to
people without HIV, but the pathophysiology of weight gain
after HIV infection is sufficiently different to suggest that spe-
cific clinical trials and interventions be considered for this
group, and the safety and tolerability be studied given the po-
tential for interactions with ART regimens, and to ensure
comparator HIV-negative populations are included.

Structural population-wide interventions (eg, sugar bever-
age taxes, food labeling, and legislation addressing processed
food) as part of the ongoing public health crisis, especially in
countries with existing and developing obesity issues, need to
be addressed, as for HIV-negative populations (98-100).

Conclusion

In summary, excess weight gain on newer ART has emerged as
a major clinical concern, as increasingly safe and potent ART
agents are developed for the millions of PLWH globally. The
mechanisms underlying greater weight gain in Black and fe-
male patients are currently unknown, but the fact that this
population is most affected both by the HIV and the obesity
epidemics, may represent one of the biggest public health chal-
lenges for areas with high HIV prevalence.
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