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Numerous studies have detected a greater likelihood of excess weight gain with specific antiretrovirals (ARVs), particularly 
tenofovir alafenamide and integrase inhibitors, as compared with other agents and classes. The long-term implications and poten-
tial reversibility for individuals who have experienced substantial ARV-associated weight accumulation remain poorly understood. 
Furthermore, the underlying mechanism remains controversial: Is the explanation mitochondrial toxicity and weight suppression 
from the older agents or direct effects of the newer drugs on appetite, adipocytes, or other unintended targets? This review discusses 
proposed mechanisms and evidence to date and argues that the question about mechanism is highly clinically relevant because it 
carries significant implications for ARV management. The existing literature suggests that older ARVs, such as tenofovir disoproxil 
fumarate and efavirenz, suppress weight gain, but also that integrase inhibitors may stimulate excess weight gain through several 
plausible biologic pathways. Confirming the mechanisms of ARV-associated excess weight gain should be high priority for future 
research.
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Modern antiretroviral therapy (ART) regimens are typically an-
chored by an integrase strand transfer inhibitor (INSTI), fre-
quently dolutegravir (DTG) or bictegravir (BIC), because these 
agents are overall better tolerated with higher durability and 
lower rates of virologic failure compared with other options 
[1–6]. The nucleoside reverse transcriptase inhibitor (NRTI) 
backbone often includes tenofovir alafenamide (TAF), which 
may confer reduced long-term side effects and other bene-
fits compared with alternate NRTIs [7–10]. However, an un-
foreseen phenomenon has emerged with these contemporary 
antiretroviral (ARV) agents: excess weight gain. While many 
persons with HIV (PWH) gain weight after starting ART due 
to suppression of plasma HIV RNA levels and removal of the 
catabolic effects of viremia (a “return-to-health” process), a 
proportion of individuals gain amounts that surpass healthy 
levels. Studies of initiating ART and switching ART consist-
ently identify an association between TAF as well as INSTIs, 

most predominantly DTG and BIG, and exaggerated weight 
gain [11–14]. While the long-term consequences are not fully 
understood, growing evidence shows that this leads to higher 
incidence of hyperglycemia, hypertension, and metabolic syn-
drome, along with elevated cardiovascular risk [15–21].

These findings create a frequent clinical conundrum: whether 
to switch to alternate ARV options if substantial weight gain has 
occurred while taking an INSTI and/or TAF. The question is 
difficult to answer because the mechanism of weight gain asso-
ciated with these agents remains unknown. Furthermore, there 
is a paucity of data about composition of the excess weight (fat 
vs lean mass and visceral vs subcutaneous deposits) and about 
the reversibility of the weight gain once it has occurred. To date, 
evidence for reversibility is limited to case reports [22, 23].

Debate about the mechanism behind excess weight gain as-
sociated with specific ARVs is highly clinically relevant. The 
principal question: Do TAF and INSTIs cause weight gain di-
rectly? In other words, do they affect appetite or adipose cells 
in a way that causes weight accumulation? Alternatively, were 
the older agents, such as other NRTIs or drugs from the non-
nucleoside reverse transcriptase inhibitor (NNRTI) or protease 
inhibitor (PI) class, suppressing appetite or curbing weight ac-
cumulation, leading to weight gain following a switch to TAF 
or an INSTI because the suppressive effects were removed? 
In order to adequately counsel PWH about ART options, we 
must decipher whether the association with weight gain is sec-
ondary to direct, off-target side effects of TAF and the INSTIs 
vs previously underappreciated side effects of older agents.
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We aim to summarize what is known to date about poten-
tial mechanisms of ARV-associated weight gain. An integration 
of data from ART initiation trials, ART switch studies, pre-
exposure prophylaxis (PrEP) trials, and other available litera-
ture demonstrates 2 principal findings: (1) tenofovir disoproxil 
fumarate (TDF), efavirenz (EFV), and other older ARVs indeed 
have weight suppressive effects and (2) there are several plau-
sible means by which INSTIs could directly trigger weight ac-
cumulation, though none has been confirmed (Figure 1). We 
argue that the mechanisms matter because they significantly 
impact clinical decisions about ART and how we balance bene-
fits vs risks of various options.

TENOFOVIR ALAFENAMIDE

It has long been known that TDF and TAF have disparate met-
abolic effects. Tenofovir disoproxil fumarate has lipid-lowering 
properties, the mechanism of which is not well described 

[24–27]. Lower plasma levels of active metabolites with TAF 
abrogate these lipid-lowering effects, and comparative trials 
of ART initiation and switch consistently find that TDF leads 
to lower lipid level fractions as compared with TAF; the scale 
of lipid changes observed with TAF is similar to that observed 
with other non-TDF agents [28–34]. Could biologic explan-
ations for differential effects on lipids and weight be connected, 
or could lower lipid levels with TDF be explained by differential 
effects on weight?

To date, we are not aware of clinical or laboratory studies that 
identify direct effects of TAF on hormones that control appe-
tite and metabolism or direct effects on adipose tissue, though 
this has not been ruled out. That said, accumulating data from 
clinical trial comparisons suggest that the explanation for dif-
ferential weight change when comparing TAF with other agents 
is more likely weight suppression from TDF or other non-TAF 
NRTI use, as opposed to TAF-induced weight accumulation. 
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Figure 1. Proposed mechanisms of TAF- and INSTI-mediated excess weight gain. All proposed mechanisms warrant further study for confirmation, and the explanation 
may be multifactorial. Abbreviations: ART, antiretroviral therapy; EFV, efavirenz; INSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside reverse transcriptase 
inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.
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The data come from 3 main sources: (1) ART initiation trials, 
(2) ART switch studies, and (3) pre-exposure prophylaxis 
(PrEP) trials.

ART Initiation Trials

Findings from several studies of ART initiation indicate that 
TDF suppresses weight gain. In a pooled analysis of data from 8 
randomized clinical trials (RCTs), the mean weight change was 
greatest with TAF as compared with TDF, abacavir (ABC), or 
zidovudine (ZDV) [35]. Initiation of TAF was also associated 
with elevated likelihood of >10% body weight gain compared 
with ZDV, whereas TDF and ABC were not, and TAF was asso-
ciated with increased risk of >10% weight gain when compared 
with ABC or TDF. The model of weight change over time shows 
a clear continuum when comparing NRTIs, with weight gain 
from TAF > ABC > TDF > ZDV. Therefore, conclusions should 
not be as simple as “TAF causes weight gain,” and the source of 
this stratification of effects on weight requires further study. Is 
the explanation differential effects on mitochondria? Or gastro-
intestinal side effects from older agents that may not be fully 
appreciated by the patient or provider, such as reduced appetite? 
The answer is not clear, but the results suggest that older NRTIs 
may have a suppressive effect on weight; ZDV appears to have 
the most suppressive effects, which is logical given the drug’s 
known mitochondrial toxicity. The NRTIs TDF and, to a lesser 
degree, ABC appear to also suppress weight, though the precise 
explanation for the differential impact between certain agents 
requires further study.

Additional insights into potential mechanisms come 
from the AIDS Clinical Trials Group (ACTG) 5224s trial, a 
substudy of ACTG 5202, which randomized ART-naïve PWH 
to receive ABC/lamivudine (ABC/3TC) vs TDF/emtricitabine 
(TDF/FTC) plus EFV vs atazanavir/ritonavir (ATV/r) [36]. In 
the substudy, 56 participants underwent excisional fat biopsies 
at study entry and after 96 weeks of ART. Biopsy specimens 
were used to assess fat mitochondrial DNA (mtDNA) content 
plus levels of oxidative phosphorylation enzymes, including 
NADH dehydrogenase (complex I) and cytochrome c oxidase 
(complex IV). Notably, effects on these biological markers 
varied by NRTI. While TDF/FTC and ABC/3TC both led to 
decreases in fat mtDNA content, only TDF/FTC caused sig-
nificant decreases in complex I and IV activity. The changes 
in enzyme levels indicate dysfunction of the mitochondrial 
respiratory chain induced by TDF but not by ABC. The inves-
tigators found that these changes to mitochondrial function 
consistently and inversely correlated with gains in subcuta-
neous and visceral abdominal fat (based on dual energy x-ray 
absorptiometry [DEXA] and computed tomography [CT] 
measurements). The authors cite that further research into 
the effects of NRTIs on fat apoptosis and oxidative stress are 
needed, as are longer and larger studies assessing the impact. 
Comparisons with TAF would also be informative.

A separate analysis of data that included ACTG 5202 re-
sults found that CYP2B6 genotype predicted weight change 
from EFV, with higher EFV levels suppressing weight, which 
will be discussed in more detail later [37]. Relevant to NRTI 
considerations, the association was present only when EFV was 
combined with TDF and not when combined with ABC. The 
authors conclude, “TDF exposure in the presence of higher 
efavirenz concentrations interferes with expected weight gain.” 
This influence of the NRTI was unexpected and supports the 
theory that TDF suppresses weight gain. The authors postulate 
that the explanation may be reduced appetite secondary to TDF.

Further evidence for weight suppression from TDF comes 
from trials that randomized PWH to initial ART with or without 
TDF. For instance, in the GEMINI 1 and 2 trials, treatment-
naïve PWH received either DTG/3TC or DTG plus TDF/FTC 
[38]. Thus, the principal difference between study arms was 
presence or absence of TDF. The rate of virologic suppression 
at 48 weeks was similar between the 2 groups, but mean weight 
gain was lower in the group that received TDF compared with 
the group that did not (2.4 kg vs 3.7 kg, respectively), suggesting 
that TDF suppresses weight gain.

ART Switch Trials

Numerous ART switch trials demonstrate an increase in 
weight after PWH switch an alternate NRTI to TAF, though 
they do not necessarily address the question of mechanism, so 
they will not be reviewed in detail here [39–46]. However, a 
pooled analysis of switch trials offers important insights [47]. 
In this large study, switch from TDF to TAF was associated 
with greater weight gain than switch from ABC to TAF. Of 
the NRTI changes assessed, only TDF to TAF was associated 
with elevated risk of >10% weight gain. This supports the 
theory that the preswitch NRTI significantly influences the 
weight change that occurs following switch to TAF. Similar 
findings were seen in a retrospective observational study of 
>42 000 PWH from 10 HIV clinics [48]. Of PWH with sup-
pressed viral load who switched regimens, changing TDF to 
TAF led to higher risk of >3% weight gain after 48 weeks as 
compared with switching ABC to TAF, even after controlling 
for demographic factors, body mass index (BMI), CD4 count, 
and INSTI anchor drug.

Additionally, in an RCT in which investigators enrolled 
PWH who had suppressed viral loads while taking DTG plus 
TDF/FTC or TAF/FTC and randomized them to either con-
tinue the baseline regimen or switch to BIC/TAF/FTC, the me-
dian weight change was similar between study arms at 48 weeks 
[49]. However, when analyzed by baseline NRTI combination, 
the median weight change was significantly different between 
those taking TDF/FTC at enrollment compared with those 
taking TAF/FTC at enrollment (2.2 kg vs 0.6 kg, respectively). 
There was no difference when comparing BIC/TAF/FTC with 
DTG plus TAF/FTC. Thus, the cumulative evidence suggests 
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that weight suppressive effects from TDF play an important role 
in the weight change that occurs after changing to TAF.

Two RCTs that examined outcomes after a switch to the 
2-drug maintenance ART regimen DTG/3TC merit attention 
because ultimately they assess the effects of including vs ex-
cluding TAF. In the TANGO study, individuals with suppressed 
viral loads while taking TAF-based 3-drug ART were enrolled 
and randomized to continue their current regimen or switch 
to DTG/3TC [50]. After 144 weeks, the adjusted mean change 
in weight from baseline was not statistically different between 
the 2 arms, suggesting that dropping TAF from a regimen does 
not lead to a substantial change in weight and that TAF is rel-
atively “weight neutral.” Interestingly, despite similar weight 
trajectories in the 2 groups, participants who continued TAF 
did have higher lipid parameters at follow-up, so TAF may have 
an effect on serum lipids that is independent of weight, though 
the incidence of other metabolic consequences, like insulin re-
sistance and metabolic syndrome, remained equivalent. When 
results of the TANGO study are juxtaposed with findings from 
a trial called SALSA, notable comparisons emerge. In SALSA, 
individuals taking any standard suppressive ART regimen were 
enrolled and randomized to switch to DTG/3TC or continue 
the baseline regimen [51]. After 48 weeks, greater increases in 
weight and BMI were observed in the DTG/3TC group com-
pared with the group that continued their baseline regimen. 
There may be multiple reasons that this outcome differs from 
that of TANGO, but one is likely that in SALSA 44% of parti-
cipants in the switch arm stopped TDF. Thus, stoppage of TAF 
does not seem to impact weight significantly, while stoppage of 
TDF often leads to an increase in weight.

The precise influence of ABC on weight change has not been 
fully elucidated. As described above, there seems to be a spec-
trum of weight gain in which ABC initiation leads to greater 
likelihood of weight gain than TDF but lower likelihood of 
weight gain than TAF [35], and in the large retrospective switch 
study 27% of individuals switching ABC to TAF gained >3% 
body weight (less than the 40% who gained this proportion of 
body weight with the TDF-to-TAF switch, but still a sizeable 
group) [48]. We hypothesize that ABC also has some weight 
suppressive effects, though not as much as TDF, and this should 
be confirmed in future work. If this holds true, it is possible that 
the explanation is either gastrointestinal side effects of ABC that 
affect appetite and calorie consumption or differential effects on 
mitochondria or adipocyte function.

PrEP Trials

We can learn about patterns of weight change associated with 
TDF vs TAF by examining outcomes of PrEP RCTs. In the 
DISCOVER trial, which included cisgender men who have 
sex with men (MSM) and transgender women (TGW), par-
ticipants were randomized to daily TDF/FTC or TAF/FTC. 
After 48 weeks, there was a statistically significant difference 

in weight gain (1.1 kg with TAF/FTC vs no change with TDF/
FTC) [52]. However, it is difficult to draw conclusions about 
the mechanism. Comparisons of the INSTI cabotegravir (CAB) 
with TDF/FTC are more informative. In the HPTN 083 trial, 
which included cisgender MSM and TGW, participants re-
ceived either intramuscular (IM) CAB plus oral placebo or oral 
TDF/FTC with IM placebo [53]. Results demonstrated greater 
overall weight gain for individuals who received IM CAB; how-
ever, the difference was driven by weight decrease in the TDF/
FTC arm, which occurred predominantly during the first 48 
weeks. Similarly, in the iPREX trial, which compared TDF/FTC 
with placebo, weight increase was lower and fat accumulation 
less in the TDF/FTC arm [54]. In this trial, total body weight 
and fat mass changes were significantly different between TDF/
FTC and placebo, but lean body mass change was not statisti-
cally different. Together, these results suggest that TDF has a 
weight suppressive effect, which drives differences when com-
paring TDF with other agents.

Interestingly, a case report describes rapid weight increase in 
a person without HIV after switching TDF/FTC to TAF/FTC for 
PrEP [23]. The individual then experienced weight loss after re-
turning to TDF/FTC. While not confirmative, data suggest that 
this is due to TDF suppressing weight as opposed to TAF causing 
an increase in weight, but further study to confirm the mechanism, 
including the effects of TDF vs TAF on mitochondria and the ap-
petite–weight axis, would help to inform clinical decision-making. 
Better understanding of the reversibility of TAF-associated weight 
accumulation is needed, and the risks of TDF must be considered, 
including long-term renal and bone side effects.

Summary of Data on TAF and Weight Gain Mechanisms

Integrating the data from ART initiation, switch, and PrEP 
trials, we find differential likelihood of weight change with 
various NRTIs. While direct effects of TAF on weight have not 
been fully excluded and require further study, the preponder-
ance of findings to date suggest that the primary explanation 
is a continuum of weight suppressive effects within the NRTI 
class, such that the NRTI backbone at ART initiation or pre–
ART switch affects the likelihood of excess weight accumula-
tion. The primary limitation is that the findings to date rely 
on clinical trial and retrospective observational comparisons. 
Unlike with INSTIs, as we will discuss, we are unable to identify 
laboratory studies assessing the effects of TAF vs other NRTIs 
on hormones that control appetite or regulate weight; such lab-
oratory studies would be valuable to the field.

INTEGRASE STRAND TRANSFER INHIBITORS 

Data demonstrating INSTI-associated excess weight gain have 
most consistently implicated DTG and BIC; fewer studies 
have demonstrated an association with raltegravir (RAL) or 
elvitegravir/cobicistat (EVG/c) [55–64]. Several analyses have 
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found that individuals born female have greater likelihood of 
INSTI-associated weight gain than individuals born male [16, 
56, 61]. When considering mechanisms by which INSTIs may 
promote weight gain, we can again integrate data from ART in-
itiation studies, switch trials, and PrEP RCTs. In addition, sev-
eral groups have proposed or evaluated specific theories based 
on in vitro studies, animal models, or laboratory analyses.

ART Initiation Studies

In the pooled analysis of data from ART initiation trials, at 96 
weeks the participants who initiated DTG- or BIC-containing 
regimens experienced greater weight gain than those who 
started EVG/c [35]. The investigators found higher odds 
of >10% weight change with any INSTI as compared with the 
NNRTI EFV. These findings on their own do not speak to a 
mechanism for weight gain associated with INSTIs, though an-
other intriguing finding from the analysis was that the NNRTI 
rilpivirine (RPV) was associated with greater weight gain and 
higher odds of >10% weight gain than EFV. This begs the ques-
tion, are the findings secondary to INSTIs causing weight gain 
or EFV suppressing weight?

Several analyses of pharmacogenetics suggest an answer. 
Multiple investigators have assessed the effects of individual ge-
netic variations on weight change with EFV in treatment ini-
tiation and switch studies. For example, researchers compared 
weight change after treatment initiation with EFV or DTG 
based on CYP2B6 genetic loss-of-function polymorphism, 
which leads to higher EFV concentrations [65]. Based on 342 
participants receiving DTG and 168 receiving EFV, the CYP2B6 
EFV metabolizer genotype significantly influenced likelihood 
of weight gain while taking EFV; extensive metabolizers gained 
similar amounts of weight to the group taking DTG. This sug-
gests that slow or intermediate metabolizers of EFV gain less 
weight while taking that medication and thus gain more weight 
after a switch to an INSTI like DTG (discussed further in “ART 
Switch Trials” below).

It has been argued that the exaggerated weight gain identified 
when comparing INSTIs with other classes may stem from viral 
kinetics and faster viral load reduction with INSTIs, leading to 
faster or more pronounced return-to-health changes. However, 
several studies that analyzed differences in weight over time 
after initiation of INSTIs vs other agents found differential 
weight gain at time points when the viral suppression rates were 
equivalent, so this seems unlikely to be the explanation [55, 62].

ART Switch Trials

Investigators assessed weight gain 48 weeks after switch from 
EFV to an INSTI in 2 cohorts (61 individuals from an ob-
servational cohort and 462 from a clinical trial cohort) and 
evaluated whether the CYP2B6 and UGT1A1 genotypes were 
associated with weight change following the ART switch (both 
genotypes are associated with ART metabolism and drug levels) 

[37]. Interestingly, the results demonstrated that CYP2B6 EFV 
slow metabolizers experienced significantly greater weight gain 
after the switch from EFV to EVG or RAL, but not DTG. In the 
pooled analysis of data from multiple clinical trials that enrolled 
PWH with suppressed viral loads and randomized participants 
to maintain baseline ART or switch, the greatest risk of excess 
weight gain (>10% by week 48) occurred with a switch from 
EFV to RPV or EVG/c. Participants switching off EFV or TDF 
experienced the greatest weight gain [47]. From these trials, it 
appears that EFV suppresses weight gain, especially for indi-
viduals with pharmacogenomic profiles associated with higher 
drug levels, and this influences weight change after switch to a 
different NNRTI or an INSTI.

In 1 switch study, investigators followed numerous cardiovas-
cular and metabolic biomarkers after an ART change, and some 
of the outcomes are highly relevant. The study, a subanalysis of 
the NEAT022 trial, in which participants were randomized to 
either switch from a boosted PI to DTG or continue the boosted 
PI, demonstrated greater weight gain at 48 weeks in the group 
that switched to DTG [66]. The investigators compared levels of 
plasma adiponectin, a chemokine produced by adipose tissue 
that is involved in regulation of glucose and lipid metabolism, 
and found that adiponectin levels decreased following the 
switch to DTG. This decrease could cause insulin resistance and 
weight gain. However, a possible alternative explanation is that 
adiponectin is downregulated as an effect of weight gain from 
another cause. Furthermore, controversy exists in the litera-
ture about the role of adiponectin in weight regulation, so this 
finding is intriguing but requires further exploration.

PrEP Trials

Several findings from PrEP trials are worth noting. First, in 
the phase 2a HPTN 077 trial, individuals at low risk for HIV 
infection were randomized to long-acting, injectable CAB vs 
placebo. The investigators did not find a difference in weight 
change, BMI change, fasting glucose, or fasting lipid parameters 
between the groups after 41 weeks [67]. This argues that the 
INSTI does not cause weight gain directly and, when combined 
with results of HPTN 083 (previously discussed), suggests that 
the weight difference seen in PrEP RCTs is driven by weight loss 
from TDF/FTC.

Other Analyses

Researchers assessed the impact of INSTIs on adipose tissue 
phenotype and function using a mixed methods study of 14 
macaques without SIV infection and 19 PWH treated or not 
treated with an INSTI [68]. Biopsies of subcutaneous and 
visceral adipose tissue were performed to assess fibrosis, 
adipogenesis, oxidative stress, mitochondrial function, and 
insulin sensitivity after exposure to DTG or RAL. The results 
demonstrated elevated fibrosis, adipocyte size, and adipogenic 
marker expression in subcutaneous and visceral adipose tissue 
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from macaques exposed to INSTIs. Similarly, higher levels of fi-
brosis were detected in tissue from PWH treated with an INSTI 
compared with PWH not receiving an INSTI. In particular, 
DTG was associated with greater extracellular matrix produc-
tion and lipid accumulation in adipose stem cells and adipo-
cytes in vitro; RAL was associated to a lesser degree. In sum, 
DTG and RAL appeared proadipogenic and prolipogenic and 
promoted oxidative stress, mitochondrial dysfunction, and in-
sulin resistance. These direct effects may contribute to weight 
gain and should be confirmed.

An investigation that employed a mouse model similarly 
compared effects of various ARVs on mitochondrial function as 
well as adipocyte differentiation [69]. Researchers treated pri-
mary pre-adipocyte cells from female mice with DTG, BIC, or 
the NNRTI doravirine (DOR) for 8 days during differentiation. 
The INSTIs DTG and BIC mildly induced differentiation into 
white adipocytes and significantly suppressed differentiation 
into brown adipocytes. The INSTIs also caused downregulation 
of enzymes responsible for thermogenesis in brown adipo-
cytes and affected other mitochondrial enzymes. Assays that 
specifically examined the effects of DTG found that it inhib-
ited cellular oxygen consumption and energy expenditure and 
interfered with estrogen-mediated metabolic pathways. On the 
other hand, DOR did not affect mitochondrial activity or fat cell 
differentiation. These findings demonstrate differential effects 
between INSTIs and NNRTIs on adipocyte differentiation and 
thermogenesis and raise potential explanations for the greater 
propensity for INSTI-associated weight gain for cisgender 
women because some effects may be estrogen mediated.

Another laboratory-based theory merits attention. There is in 
vitro evidence that DTG inhibits binding of radio-labeled alpha-
melanocyte-stimulating hormone to the human recombinant 
melanocortin 4 receptor (MC4R), which helps regulate energy 
homeostasis and food intake [70, 71]. Deficiency or blockage 
of MC4R has been associated with obesity. Investigators pro-
posed that INSTIs directly interfere with the melanocortin 
signaling system, causing an orexigenic (appetite stimulating) 
response [72]. The authors present an elegant description and 
figure detailing potential ways (at least 4) by which this could 
occur. However, another group tested and refuted this theory 
[73]. They evaluated the effects of INSTIs on MC4R in an in 
vitro cell-based assay and found that INSTIs indeed antago-
nize MC4R, but only at supratherapeutic concentrations, and 
thus concluded that this is unlikely to explain INSTI-induced 
weight gain. Further studies to corroborate these findings are 
warranted.

Case Reports

Regardless of the mechanism, the phenomenon of INSTI-
associated weight gain seems clinically significant. A related 
consequence may be higher propensity for hyperglycemia. 
One case report describes onset of significant hyperglycemia 

following a switch to DTG [74], and a small case series describes 
3 PWH who developed hyperglycemia and ketoacidosis within 
months of switching to BIC/FTC/TAF [75]. In a report of an 
individual who developed diabetes mellitus following switch 
to DTG-anchored ART, the authors presented an intriguing 
theory about INSTIs and weight [76]. They proposed that by 
chelating magnesium and manganese, which are required for 
the process of viral integration, INSTIs may have the unin-
tended, off-target effect of increasing insulin resistance. Thus, 
the chemical structure and intended effects of INSTIs on mag-
nesium may have unintended effects on blood sugars, insulin 
sensitivity, and thereby weight. That said, other investigations 
found no changes to glucose homeostasis following switch to an 
INSTI, even though weight gain occurred [77]. So, this theory 
is plausible but not yet validated.

Summary of Data on INSTIs and Weight Gain Mechanisms

The constellation of findings on INSTIs and weight gain mech-
anisms is different than that for TAF. For the INSTIs, several 
plausible biologic mechanisms for direct effects have been pro-
posed. The literature to date suggests that the preswitch an-
chor drug plays a role and that older anchor drugs like EFV 
likely suppress weight, particularly for individuals with cer-
tain genetic profiles, but also that INSTIs may directly stimu-
late weight accumulation through several proposed pathways. 
Future research should assess these specific pathways, clarify 
whether this is an INSTI class effect or is unique to the newer 
INSTIs, and continue to examine the long-term clinical con-
sequences as well as pros vs cons of switching an INSTI to an 
alternative option.

CONCLUSIONS

The mechanisms responsible for TAF- and INSTI-associated 
excess weight gain remain incompletely understood. Our inter-
pretation of the literature to date is that the mechanism of excess 
weight gain from TAF and INSTIs is most likely different, cred-
ible theories about direct effects from INSTIs exist but must be 
corroborated, and it is likely that older agents like TDF and EFV 
suppress weight more than previously realized. Clinical trials 
like ACTG 5391 [78] will add insight into whether switching 
from an INSTI to DOR, with or without a switch from TAF to 
TDF, leads to reversal of weight gain; a case report describes 
weight loss when switching an INSTI-TAF combination back to 
TDF with an NNRTI, so this is plausible [22]. Additional trials, 
like DEFINE, will assess whether switching from an INSTI to a 
boosted PI is beneficial for individuals who have experienced 
rapid and significant weight gain while taking an INSTI with 
TAF; this will add further insights into the pros and cons of 
such a switch, particularly isolating the outcome of switching 
off an INSTI as both the intervention and comparator arms will 
continue taking TAF [79]. However, ongoing research is also 
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needed to confirm the mechanisms and further explore differ-
ences based on birth sex and genetic factors. Until we better 
understand the phenomenon of ARV-associated excess weight 
gain, clinicians will need to carefully monitor patients for ad-
verse metabolic or cardiovascular outcomes and counsel those 
who have gained substantial weight while taking TAF and/
or an INSTI on healthy lifestyle habits, together with what is 
known and unknown about the potential benefits and risks of 
switching ART.
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