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ABSTRACT
Greater  weight  gain following initiation of  antiretroviral  therapy (ART)
with integrase strand transfer inhibitors (INsTI) compared with that seen
with other classes of antiretroviral drugs, is an increasingly recognized
problem in people living with HIV (PLWH). The purpose of this narrative
review is to highlight those clinical trials that have documented weight
gain and associated factors among PLWH on INsTI-ART. This includes the
underlying pathophysiological mechanisms, toxicity, impact on adipose



tissue,  and  how  this  tissue  becomes  metabolically  dysfunctional,
contributing  to  the  emergence  of  insulin  resistance  and  other
comorbidities  in  PLWH.  Considering  the  impact  of  the  modern
obesogenic environment and that PLWH on INsTI-ART are living longer, a
coordinated  approach  by  infectious  disease  specialists  and  other
physicians  to  address  the  metabolic  complications  affecting  this
population, is imperative. The use of new anti-obesity drugs is becoming
part of co-medication to limit weight gain in this population.
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RESUMEN
La mayor ganancia de peso tras el  inicio  de la terapia antirretroviral
(TAR)  con  inhibidores  de  la  transferencia  de  la  integrasa  (INsTI),  en
comparación  con  la  observada  con  otras  clases  de  fármacos
antirretrovirales,  es  un  problema  cada  vez  más  reconocido  en  las
personas  que  viven  con  el  VIH  (PVV).  El  propósito  de  esta  revisión
narrativa  es  destacar  los  ensayos  clínicos  que  han  documentado  el
aumento de peso y los  factores  asociados en las  PVV y que reciben
INsTI-TAR. Esto incluye los mecanismos fisiopatológicos subyacentes, la
toxicidad, el impacto en el tejido adiposo y cómo este tejido se vuelve
metabólicamente  disfuncional,  contribuyendo  a  la  aparición  de
resistencia  a  la  insulina  y  otras  comorbilidades  entre  las  PVV.
Considerando el impacto del entorno obesógeno moderno y que las PVV
que  reciben  INsTI-TAR  viven  más  tiempo;  es  imperativo  un  enfoque
coordinado  entre  especialistas  en  enfermedades  infecciosas  y  otros
médicos  para  abordar  las  complicaciones  metabólicas  que  afectan  a
esta  población.  El  uso  de  nuevos  fármacos  antiobesidad  se  está
convirtiendo en la actualidad en parte de la comedicación para limitar el
aumento de peso en esta población.
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INTRODUCTION 
Since 1996 the combined use of two or three active antiretroviral drugs
(ARV) that interfering HIV viral lifecycle, has allowed suppression viral
replication with immune restitution in people living with HIV (PLWH). This
combination antiretroviral treatment (ART) has become the standard of
care for PLWH, improving their morbidity and mortality (1). Currently,
there  are  nine  drug  class  of  ARV:  nucleoside  reverse  transcriptase
inhibitors  (NRTI),  non-nucleoside  reverse  transcriptase  inhibitors
(NNRTI),  protease  Inhibitors  (PI),  fusion  inhibitors,  integrase  strand
transfer  inhibitors  (INsTI),  entry  inhibitors,  and  nucleoside  reverse
transcriptase  translocation  inhibitors  (NRTTI),  HIV-1  attachment
inhibitors and HIV-1 capsid inhibitors (2). INsTI are a class of ARV which
block the integration of the viral DNA into host genome (3). Because its
high  genetic  barrier,  good  tolerability,  low  toxicity,  high  potency  to
suppress  HIV  viral  loads,  inherent  barrier  to  resistance,  and  their
beneficial effects on plasma lipids; the INsTI are currently used as first-
line treatment in HIV infections (4,5). Raltegravir (RAL) and elvitegravir
(EVG) are the first  generation of INsTI approved by FDA in 2007 and
2012 respectively (6), whereas that the second generation of INsTI, such
as  Dolutegravir  (DTG),  bictegravir  (BIC)  and  cabotegravir  (CAB)  were
approved in 2013, 2018 and 2020, respectively by FDA (7).  Currently,
World Health Organization  and international  guides for  HIV treatment
recommend the ARV regimens based on DTG and BIC as first line of ART
(8,9). 



ANTIRETROVIRAL THERAPY AND TOXICITIES ON ADIPOSE TISSUE
With the introduction of combination ARTs in 1996, based on two first
generation NRTIs (thymidine analogues stavudine and zidovudine) plus
PI,  fat  partitioning disorders,  such as lipoatrophy or  subcutaneous fat
tissue (SAT)  loss,  visceral  fat  hypertrophy  with  or  without  truncal  fat
accumulation  (lipohypertrophy)  and  buffalo  hump,  were  clinically
manifest among PLWH (10). These fat partitioning disorders were not
clinically isolated, because they were associated with dyslipidemia and
insulin resistance (11). Lipohypertrophy involves visceral adipose tissue
(VAT),  whose  increase  in  PLWH  may  contribute  to  increased
inflammation and risk for cardiovascular disease (CVD) (Table I). In this
context,  CVD  emerges  as  a  result  of  persistent  immune  activation,
endothelial dysfunction, elevated coagulation, and dyslipidemia (12). On
the  other  hand,  the  VAT  of  PLWH  under  NRTI-ART  is  metabolically
dysfunctional  and  can  promote  mitochondrial  dysfunction  and  thus
insulin  resistance  (13,14).  VAT  also  includes  epicardial  fat,  whose
accumulation is associated with a higher risk of cardiovascular events in
PLWH under ART (15). Interestingly,  the VAT:SAT ratio is related with
coronary plaque and calcified plaque segments. In contrast, increased
SAT tended to be related to reduced coronary plaque among PLWH (16). 

WEIGHT GAIN WITH INsTI: EVIDENCE AND STUDIES
Current ART is based on BIC and DTG co-administered with a backbone
of  two  NNRTIs  or  one  NRTI.  While  these  ART  regimens  have  shown
therapeutically an excellent efficacy and tolerability, they also have seen
associated with weight gain in PLWH (17,18).  
One of the first studies that documented weigh gain in PLWH treated
with INsTI was the metabolic  substudy A5260s within the randomized
study AIDS Clinical Trials Group (ACTG) A5257 (19). Initially, the central
and peripheral  fat  changes from a total  of  328 participants,  after 96
weeks of treatment with 2 boosted PIs or with RAL as INsTI, were not



different. However, a gain in central fat and VAT was observed in the
INsTI arm of this study. Bhagwat and cols. compared body changes at 96
weeks  in  1809  PLWH  randomized  to  1  of  3  ART  regimens:  RAL;
atazanavir/ritonavir (ATV/r) or darunavir/ritonavir (DRV/r), either alone or
in  combination  with  tenofovir  disoproxil  fumarate/emtricitabine
(TDF/FTC)  (20).  Importantly,  the  increase in  waist  circumference  was
greater  in  the group  that  received RAL,  compared to  the group that
received DRV/r as PI (p < 0.005) (20). 
In  the  European  Network  for  AIDS  Treatment  022  Study  (NEAT022,
NCT02098837),  a  randomized,  non-inferiority,  96-week  study  in  420
participants,  the  impact  of  DTG  (DTG-I  group)  and  PI  boosted  with
ritonavir (PI/r group) on lipid parameters were compared in PLWH with
potential  high  CVD risk.  While  the  DTG-I  group  showed  a  significant
reduction  in  proatherogenic  lipid  fractions,  PLWH  with  a  previous
pharmacological history of PI/r had modest gain weight after switching to
a DTG-regimen at 48 weeks (21). The weight gain was also evidenced in
the  NAMSAL  ANRS  12313  Study  (NCT02777229).  In  this  open-label,
multicenter, randomized, phase-3 non-inferiority trial in 613 participants
from  Cameroun,  an  ART  regimen  based  on  NNRTI  Efavirenz  (EFV)
combined with TDF and lamivudine (3TC) was compared with an INsTI
DTG-regimen. Interestingly, a greater median increase in body weight
was observed in the DTG group versus the EFV group. In addition, the
weight gain was predominantly observed in women rather than men,
and in participants from DTG group (22). The differential effects of EFV
and  DTG  on  weight  gain  were  analyzed  in  a  previous  retrospective
observational cohort study where a weight gain of +5.3 kg (p = 0.001)
was evidenced at 18 months in 136 PLWH switched from EFV/TDF/FTC to
an INsTI regimen (23).  
Another  pivotal  study  was  the  ADVANCED open-label,  non-inferiority,
phase-3 clinical trial (NCT03122262). In this study, 1053 individuals were
randomized to compare noninferiority at 96 weeks between two INsTI



ART  regimens:  DTG/TDF/FTC,  and  DTG/tenofovir
alafenamide/emtricitabine (DTG/TAF/FTC) with the EFV/TDF/FTC regimen.
Both arms of the study with INsTI DTG regimens experienced substantial
weight gain in comparison to the EFV/TDF/FTC arm. The most prominent
weight  gain was observed in  the DTG/TAF/FTC group (7.1  kg ± 7.4),
showing the contribution of the INsTI and additional effect of TAF (24). 
On  the  other  hand,  Sax  and  cols.  (25)  analyzed  8  Gilead  Sciences–
sponsored trials with 5680 participants that initiated ART in 2003-2015
to  identify  risk  factors  for  weight  gain  after  the  initiation  of  ART.
Longitudinal modeling of weight gain showed that the third antiretroviral
class (INsTI,  NNRTI,  or  PI)  contributed to weight  gain at 96 weeks in
different grades. However,  participants under second generation INsTI
BIC or DTG experienced the most weight gain (BIC, 4.24 kg [95 % CI,
3.71-4.78];  DTG, 4.07 kg [95 % CI, 3.51-4.62], compared with modest
weight  gain  in  the  EVG group  (2.72  kg [95 % CI,  2.45-3.0]).  Overall,
12.8 %  of  participants  experienced  weight  gain  ≥  10 %  basal  body
weight over 48 weeks. Interestingly,  the factors associated with more
extreme weight gain were female gender and black ethnical group, T
CD4+ counts  <  200/μL,  and  baseline  HIV  RNA viral  load  >  100,000
copies/mL (25). 
On  the  other  hand,  data  from  the  North  American  AIDS  Cohort
Collaboration on Research and Design (NA-ACCORD) allowed to analyze
the weight changes over time, and risk factors for weight gain, among
over  20,000  treatment-naive  PLWH  who  initiated  ART  —  49 %  with
NNRTI, 31 % with PI and 20 % with INsTI‐based regimens. After following
for 2 and 5 years, PLWH on INsTI‐based regimens gained an estimated
mean of +4.9 and +5.9 kg, respectively, compared to +4.9 and +5.5 kg
among persons who received PI‐based regimens, and +3.1 and +3.7 kg
among NNRTI‐based regimen recipients. In addition, RAL and DTG‐ART
regimens were associated with higher weight  gain (+7.2 and 5.8 kg,
respectively) than that observed in PLWH on EVG‐based regimens (26).



It  is  noteworthy  that  the  population  analyzed  in  the  majority  of  the
above  studies  were  predominantly  from  the  USA,  with  Hispanic  and
other populations underrepresented.  
Coelho and  cols.  analyzed  almost  60,000  PLWH initiating  ART  in  six
countries  in  the  Americas  (Brazil,  Honduras,  Mexico,  Peru,  Haiti  and
USA), finding that greatest adjusted probability of becoming overweight
or obese at 3-years post-ART initiation. Interestingly, 40 % of individuals
with body mass index (BMI) of 30-34.9 kg/m² (obesity class 1) developed
obesity class 2 (BMI, 35-39.9 kg/m²), while 16 % developed obesity class
3 (BMI ≥ 40 kg/m²)  at  3 years post ART initiation.  In  addition,  these
percentage  transitions  besides  lower  baseline  CD4  count  and  higher
baseline HIV viral load were associated with a BMI increase over time in
the adjusted model (27). The use of INsTI as the primary ART core drug
constitutes the greatest risk factor for developing obesity (adjusted HR,
7.12,  p <  0.0001)  (28).  While  the  studies  described  above  have
evidenced  weight  gain  after  ART-INsTI  initiation  (Table  II),  the  body
composition changes associated with the observed weight gain, in terms
of  increased subcutaneous fat,  visceral  fat,  and lean mass,  were not
detailed. 

Weight gain and TAF
Weight gain has also been reported in PLWH who switched from TDF to
TAF-ART regimens, with a weight  gain of  +2.2 (IQR,  -0.4 to +4.6) at
week  48  (29).  In  addition,  switching  from  TDF  to  TAF  has  been
associated with a 0.45 kg/m2 increase in BMI (30). On the contrary, TAF-
to-TDF  switching  can  prevent  weight  gain  (31).  However,  in  another
study (Dutch ATHENA cohort), reversibility of weight gain of at least 7 %
over the short-term was not observed after discontinuation of  TAF or
INsTI (32). Future studies are needed to show that TAF discontinuation
may limit weight gain. 



Mechanisms underlying gain weight in PLWH under INsTI-ART
Body  weight  in  PLWH  is  influenced  by  an  interplay  of  genetic  and
environmental  factors  and  progression  of  disease  (33).  Before  ART
initiation,  PLWH  often  experience  a  wasting  syndrome  characterized
manly by involuntary weight loss of > 10 % of baseline body weight (34).
Once initiated an effective ART,  weight  loss  can be reversed and be
viewed as beneficial after initiation of ART (34). In addition, suppression
of  viral  replication  and  T  CD4+  recovery  allow  weight  regain.  This
condition is known as “return to health” and is a concept that describes
the desirable  weight  gain following resolution of  debilitating catabolic
infection  or  illness  that  restores  body  fat  and  protein  stores  (35).
However, it is important to distinguish the weight gain trajectories of the
“return to health” phenomenon from excessive and clinically undesirable
weight  gain  observed  in  PLWH  with  overweight  and  obesity,  mainly
characterized by central fat accumulation (36). PLWH who do not start
their ART have more risk of develop adipose tissue dysfunction. In this
regard,  HIV  viral  proteins  Vpr,  Nef,  Tat and  Gag might  alter
adipogenesis,  contributing  to  the  onset  of  insulin  resistance  in
adipocytes  or  inducing  mitochondrial  dysfunction  by  generation  of
mitochondrial reactive oxygen species (37-40). Furthermore, PLWH are
prone to excess VAT accumulation in the intra-abdominal,  pericardial,
liver, and skeletal muscle depots (41). As was mentioned above, the VAT
of PLWH under ART is metabolically dysfunctional. Adipose tissue from
the  SAT  of  PLWH  receiving  INsTI  who  underwent  bariatric  surgery
presented  perilobular  and  periadipocyte  fibrosis and  periadipocyte
fibrosis in VAT. Interestingly, oxidative stress, mitochondrial dysfunction,
and insulin resistance were also observed in the context of DTG and RAL
use (42,43). In addition, adipocyte hypertrophy has been documented in
the VAT of  macaques treated with DTG,  highlighting  the  plasticity  of
adipocytes to store caloric excess through hypertrophy and hyperplasia,
and  deposition  of  ectopic  fat  (42-44).  INsTI-induced  adipocyte



hypertrophy  creates  a  hypoxic  environment,  which  in  turn  promotes
fibrosis,  alterations  in  adipokine  secretion  (increase  in  leptin  and
decrease  in  adiponectin  levels)  and  changes  in  adipocyte  size  and
numbers (45). Collectively these changes configure in the fat tissue a
phenotype of aging adipose tissue (46).
Fat expansion and weight gain in PLWH under INsTI-ART are of concern,
given their potential for increasing the prevalence of obesity and the risk
of  metabolic  comorbidities  and  cancer.  In  this  context,  metabolic
syndrome (including central obesity, insulin resistance, dyslipidemia and
hypertension) occurs in 17-24 % of PLWH under ART. Considering the
impact  of  the  modern  obesogenic  environment,  the  prevalence  of
overweight  and  obesity  in  PLWH  also  will  escalate  at  global  level,
contributing  to  morbidity  and  mortality  through  an  increased  risk  of
cardiovascular disease, diabetes, and metabolic disease as patients age
(47,48).  Weight  gain  in  PLWH  and  high  BMI  are  associated  with  an
increased  risk  of  diabetes,  neurocognitive  impairment,  and  other
comorbid  conditions;  therefore,  the  avoidance  of  weight  gain  may
reduce these risks  (49,50).  The increase in  adipose tissue led to  the
emergence of a phenotype known as sarcopenic obesity (51). Whether
INsTI  are involved in  the emergence of  sarcopenic  obesity  over  time
requires more investigation. 

NEW ANTI-OBESITY DRUGS 
The pathophysiological  basis  of  weight  gain  associated with  InsTI,  as
explained above, should be considered in the context of personalized
ART.  This  approach  could  help  to  stratify  patients  according  to  risk,
predict disease progression, and select the most appropriate treatment,
minimizing adverse side effects. To date, several strategies used in the
general  population  to  manage  non-communicable  AIDS  conditions
(hypertension,  diabetes, dyslipidemia,  cardiovascular diseases) can be
take into consideration, in addition to lifestyle modification and specific



drugs  (52). Despite  the  fact  that  effective  interventions  are  lacking,
improvements in diet may attenuate weight gain in PLWH under INsTIs
and  TAF-ART  (53).  Recently,  tesamorelin  (synthetic  growth  hormone-
releasing hormone) an FDA-approved therapy to treat abdominal fat has
been  used  to  reduce  VAT  (abdominal  and  liver  fat  accumulation)  in
PLWH under INsTI-ART, with beneficial effects on body composition and
glycemic  control  (54,55).  On  the  other  hand,  semaglutide,  a  GLP-1
receptor agonist (GLP-1R), is highly effective for decreasing weight. In
this  regard,  a  randomized,  double-blind,  placebo-controlled  phase-2b
clinical trial was performed in 108 PLWH (56). A decrease by 30.8 % in
abdominal  visceral  adipose tissue, 11.2 % in abdominal  subcutaneous
adipose tissue, and 18.9 % in total body fat was observed in the GLP-1
arm (56). Dual agonists as tirzepatide (GLP-1-GIP) and survodutide (GLP-
1R/GCGRA) have also resulted in reductions in body weight of up to -
11.2 kg (57). Another treatment for obesity is the use of triple agonists
including  GIP/GLP-1/GCGRA  or  retatrutide  (LY3437943),  which  is  an
agonist of the glucose-dependent insulinotropic polypeptide, glucagon-
like peptide 1, and glucagon receptors (Table IV). Retatrutide is more
potent at the human GIP receptor  with an efficacy in terms of  body-
weight  reductions  of  5 %  or  more  at  48  weeks  in  64  to  100 %  of
participants. Interestingly retatrutide 12 mg resulted in a body weight
reduction of  30 % in 26 % of participants (58).  While tesamorelin  and
GLP-1 represent a promise in the therapy of lipohypertrophy in PLWH,
future studies are needed to evaluate efficacy of dual agonists (GLP-1-
GIP or GLP-1R/GCGRA), and triple  agonists  (GIP/GLP-1/GCGRA) in  body
weight  reduction  of  PLWH,  as  well  as  their  tolerability  and  drug
interactions with ART. 

FUTURE CONSIDERATIONS 
The effectiveness of current ART regimens based on INsTI has allowed
sustained and prolonged HIV viral suppression; however, their metabolic



impact in terms of weight gain, adiposity and non-communicable AIDS
comorbidities  will  continue  to  be  a  global  health  concern.  The  Joint
United Nations Programme on HIV/AIDS (UNAIDS) has implemented the
Global AIDS Strategy 95´- 95´- 95´aims to end the epidemic by 2030 —
at least 95 % of all PLWH should be diagnosed, at least 95 % of them
should  be  on  ART,  and  at  least  95 %  of  those  on  ART  should  be
virologically suppressed (59). Moreover, with the inclusion of a fourth 95
´  (quality‐of‐life  (HRQoL),  the  new  strategy  adopts  a  more  holistic
approach  in  the  HIV  care  cascade.  In  this  context,  despite  being
virologically  suppressed,  PLWH  under  current  ART  continue  to
experience  metabolic  complications  such  as  overweight  and  obesity,
which impact significantly their HRQoL (60). Given that excessive weight
gain  and  obesity  can  exacerbate,  accelerate,  or  accentuate  multiple
comorbidities in aging PLWH, maintenance of ideal body weight is the
goal  for  reducing cardiovascular  risk  and improving  diabetes  (50,60).
Thus, special attention to metabolic complications such as overweight or
obesity and their prevention must be taken into consideration to reach
the fourth 95 in the era of INsTI. 

CONCLUSIONS
Currently,  INsTI  might contribute to weight gain and obesity in a low
percentage  of  PLWH.  The  mechanisms  involved  in  this  weight  gain
include adipocyte hypertrophy, hypoxic environment and, importantly,
periadipocyte fibrosis. This pro-fibrotic phenotype is associated with an
insulin-resistant  state  in  VAT,  as  well  as  altered  adipokine  secretion.
While the success of INsTI-antiretroviral therapy has allowed sustained
viral suppression, multiple interventions and a coordinated approach by
infectious diseases specialists and other physicians are still required for
metabolic complications.
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Table I. Antiretroviral therapy and toxicities on adipose tissue 
Fat  portioning
disorder

Adipose
tissue
involved

Fat changes Antiretroviral drugs

Lipoatrophy SAT SAT loss NRTI  (such as  AZT or  d4T),
NNRTI (such as EFV), PI

Lipohypertrophy VAT Trunk  fat  accumulation
(buffalo  hump)  accompanied
with  mitochondrial
dysfunction, dyslipidemia and
insulin  resistance,  increased
inflammation, and high risk of
CVD 

NRTI (such as AZT or d4T), PI

AZT:  zidovudine;  CVD:  cardiovascular  disease;  d4T:  stavudine;  EFV:  efavirenz;  NRTI:  nucleoside
reverse  transcriptase inhibitor;  NNRTI: non-nucleoside  analogue reverse  transcriptase inhibitor;  PI:
protease inhibitors; SAT: subcutaneous fat tissue; VAT: visceral fat tissue. 



Table II. Weight gain with INsTI and TAF: evidences and studies
Study Time

frame
Participa
nts 

Antiretroviral
therapy
evaluated

Key findings

ACTG
substudy
A5257

96 weeks 328 

ATV/r  or  DRV/r  as
two  arms  of  PI
compared with RAL
as INsTI

Gain in central  fat and VAT in INsTI  arm (p <
0.01).

Bhagwat  et
al., 2018

96 weeks 1809 

ATV/r/TDF/FTC  or
DRV/r/TDF/FTC,  as
two  arms  of  PI
compared with RAL
as INsTI

Increase in WC was greater in the group that
received  RAL,  compared  to  the  group  that
received  DRV/r  as  PI  (p <  0.005).  Females
experienced greater increases in WC on RAL vs
ATV/r than males (p < 0.01).

NEAT022 
(NCT020988
37) 

96 weeks 420  
Switching  ATV/r  or
DRV/r)  to  DTG-
regimen

Modest gain weight after switching PI/r (ATV/r or
DRV/r) to DTG-regimen at 48 weeks.

NAMSAL
ANRS
(NCT027772
29)

96 weeks 613

EFV/TDF/3TC
compared  with
DTG-regimen

Increase in body weight in INsTI arm with DTG
(+5.0 kg) compared with EFV group (+3.0 kg)
and  incidence  of  obesity,  12.3 %  vs.  5.4 %,
respectively.

ADVANCED
(NCT031222

96 weeks 1053 DTG/TAF/FTC
compared  with

Weight gain was observed in the DTG/TAF/FTC
group (+7.1 kg ± 7.4). Additional effect of TAF



62) EFV/TDF/FTC
regimen

in terms of weight gain.

Sax  et  al.,
2021
(8  Gilead
Sciences-
sponsored
trials)

96 weeks 5680  

DTG, RAL and EVG
arms 

Weight  gain  ≥10%  basal  body  weight  at  48
week.
BIC  arm  showed  a  weight  gain  of  +4.24  kg
[95 % CI, 3.71-4.78]; DTG arm showed a weight
gain  of  +4.07  kg  [95 %  CI,  3.51-4.62];
compared  with  modest  weight  gain  in  EVG
group +2.72 kg [95 % CI, 2.45-3.0]. 

NA-ACCORD
5 years 20000 

DTG, RAL and EVG
arms 

RAL‐  and  DTG‐ART  regimens  were  associated
with  higher  weight  gain  (+7.2  and  5.8  kg,
respectively).

Coelho et al.
2022

3 years 60000 
Any INsTI INsTI  constitutes  the  main  risk  factor  for

development of obesity (adjusted HR, 7.12; p <
0.0001).

Schafer  et
al. 2019

1 year 110
Switching from TDF
to TAF

BMI increase in 0.45 kg/m2; 95 % CI, 0.14-0.76 

ACTG: AIDS  Clinical  Trials  Group;  ASCVD:  atherosclerotic  cardiovascular  disease;  ATV/r:
atazanavir/ritonavir; BMI: body mass index; CI: confidence interval; BIC: bictegravir; DTG: dolutegravir;
DRV/r:  darunavir/ritonavir;  EFV: efavirenz; EVG: elvitegravir;  HDL: high density lipoprotein;  LDL: low
density lipoprotein; NA-ACCORD: North American AIDS Cohort Collaboration on Research and Design;



NCT:  ClinicalTrials.gov  ID;  PI:  protease  inhibitors;  RAL:  raltegravir;  TDF/FTC:  tenofovir  disoproxil
fumarate/emtricitabine; TAF: tenofovir alafenamide; WC: waist circumference diameter.



Table III. Mechanisms underlying in gain weight in PLWH under INsTI-ART
Fat tissue Macroscopic alteration observed Tissue outcome

VAT

Central  obesity,  fat  expansion,  or excess of
VAT  accumulation  in  intra-abdominal,
pericardial, liver, and skeletal muscle depots. 

VAT  metabolically  dysfunctional
resulting  in  VAT  fibrosis,
hypertrophy,  hyperplasia,  and
deposition  of  ectopic  fat.  Insulin
resistance  in  adipocytes,
increased  risk  of  diabetes,
cardiovascular  disease,  and
neurocognitive impairment. 

Aging adipose tissue phenotype in VAT Adipocyte hypertrophy leading to
hypoxic environment in promoting
fibrosis,  adipokines  disturbances
(leptin  increase  and  decrease  of
adiponectin),  changes  in
adipocyte size and numbers.

SAT SAT loss Changes  in  adipocyte  size  and
numbers, sarcopenic obesity.

SAT: subcutaneous fat tissue; VAT: visceral fat tissue. 



Table IV. Anti-obesity drugs as comedications to treat fat disorders in PLWH under INsTI-ART
Anti-obesity drugs Names Benefits
Synthetic  growth
hormone-releasing
hormone

Tesamorelin Reduction of VAT (abdominal and liver fat accumulation) in
PLWH  under  INsTI-ART,  with  beneficial  effects  on  body
composition and glycemic control. Approved by FDA.

GLP-1R agonist Semaglutide
Liraglutide

Highly effective for decreasing weight (-18.9 %) in PLWH at
the expense of  minor  abdominal  visceral  adipose tissue (-
30.8 %),  and  abdominal  subcutaneous  adipose  tissue  (-
11.2 %). In addition, GLP-1R increase insulin secretion after a
meal,  suppresses appetite  and gastric  emptying.  Approved
by FDA.

Dual agonists  (GLP-1-
GIP or GLP-1R/GCGRA)

Tirzepatide
Survodutide

Potent  weight  lowering  efficacy.  Only  tirzepatide  has  been
approved by FDA in 2023.

Triple  agonists
(GIP/GLP-1/GCGRA)

Retatrutide Acts as a triple-agonist targeting three receptors: GIP, GLP-1,
and glucagon. In adults with obesity,  retatrutide treatment
for  48  weeks  resulted  in  substantial  reductions  in  body
weight. Currently  investigated  in  phase  II  clinical  trial,  in
participants with obesity no-HIV. Not approved by FDA.



GIP: glucose-dependent insulinotropic polypeptide; GLP1R: glucagon-like peptide-1 receptor agonists;
GCGRA: glucagon receptor agonist; PLWH: people living with HIV; SAT: subcutaneous fat tissue; VAT:
visceral fat tissue. 


