
Adipose tissue accounts for ~20–30% of total body 
weight in non-​obese or overweight persons and for 
up to 50% in individuals with obesity and is a primary 
energy store with important endocrine and immuno
modulatory functions. Most adipose tissue depots 
are comprised of white fat, which is responsible for 
energy storage and release in response to food intake 
and energy demand. In humans, brown and beige fat 
are minor components of adipose tissue and can dissi-
pate energy as heat. White adipocytes sequester dietary 
lipids in adipose tissue depots to serve as energy stores 
during periods of fasting and prevent toxic lipid accu-
mulation in other tissues such as muscle, liver, pancreas 
and heart1. In addition, white adipocytes have a role in 
glucose and lipid metabolism and respond differentially 
to physiological cues or metabolic stresses by releasing 
adipokines and lipokines that regulate energy expend-
iture, appetite control, glucose homeostasis, insulin 
sensitivity, inflammation, immune function and tissue 
repair2. Although adipose tissue is mainly comprised 
of adipocytes, it also contains mesenchymal stem cells 
(which can differentiate into adipocytes, myoblasts, 
osteoblasts and chondroblasts), immune cells (including 
M1 and M2 phenotype macrophages, CD4+ T cells and  

CD8+ T cells) and fibroblasts, in addition to blood vessels 
and nerves.

Fat expands owing to excess energy supply either 
through hypertrophy (increased size of existing adipo
cytes) or hyperplasia (the formation of new adipocytes 
from mesenchymal stem cells in adipose tissue). In 
obesity, hypertrophic adipocytes have different bio-
chemical properties to smaller adipocytes, including 
increased lipolysis, inflammatory cytokine production 
and reduced secretion of anti-​inflammatory adipo
kines, such as adiponectin, that are also involved 
in insulin sensitivity1. Such alterations in fat depots 
predispose to ectopic lipid accumulation and the 
development of comorbidities, including type 2 dia-
betes mellitus (T2DM), non-​alcoholic fatty liver 
disease (NAFLD), sarcopenia, atherosclerosis and 
heart failure2. During physiological ageing, fat is lost 
from lower limbs and increases in the trunk, along-
side accumulation of senescent adipocytes that have 
altered adipogenic potential and increased secretion of 
proinflammatory cytokines3.

Fat alteration became a major concern in Western 
countries in the mid-1990s, when people living with HIV 
(PLWH) receiving combination antiretroviral therapy 
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(cART) developed a condition of severe subcutaneous 
lipoatrophy (fat loss), which was termed lipodystrophy4.  
Some of these PLWH with lipodystrophy also had fat 
gain in the trunk and neck. Historically, these condi-
tions were common in PLWH who were treated with 
older-​generation thymidine analogue nucleoside reverse 
transcriptase inhibitors (NRTIs; such as zidovudine 
and stavudine)5 (Box 1) and early protease inhibitors  
(PIs; such as indinavir and full-​dose ritonavir). The toxic 
effects of thymidine analogue NRTIs on adipocytes led 
to the development of other antiretroviral agents with 
a lower risk of severe lipoatrophy, such as the NRTIs 
tenofovir disoproxil fumarate (TDF) and emtricitabine 
(also known as FTC). However, more recent studies have 
demonstrated fat alterations, mainly fat gain and changes 
in lipid trafficking and storage in individuals using these 
therapies, which are different from lipodystrophy and 
are compounded by the rising worldwide prevalence of 
obesity6. Moreover, first-​generation thymidine analogue 
NRTIs can exert long-​lasting effects, and fat alterations 
and metabolic dysregulation can be observed several 
years after regimen change7.

ART initiation and long-​term treatment have been 
almost universally associated with weight and gen-
eralized fat gain, particularly in the trunk, leading to 
abdominal obesity (also known as visceral obesity)8,9. 
Moreover, integrase strand transfer inhibitors (INSTIs) 
have been associated with weight gain and generalized 
fat gain in some PLWH10. The NRTI backbone agents 
used in these patients can also affect weight gain to  
varying degrees; TDF has been shown to result in less 
weight gain than other NRTIs in some studies10,11, 
whereas tenofovir alafenamide (TAF; a newer formula-
tion of tenofovir) has been associated with greater weight 
gain than TDF, abacavir or the non-​NRTI (NNRTI)  
efavirenz in trials11,12.

Mechanisms of fat alterations in PLWH are complex 
and result from the direct effects of HIV proteins and 
antiretroviral agents on adipocyte health, in addition 
to changes in microbial translocation and the immune 
response, increased tissue inflammation and accel-
erated fibrosis, although these mechanisms are only 
partly understood. In addition, the effects of HIV and 
antiretroviral therapies on fat differ between individu-
als. To this end, a central fat distribution, in particular 
within the visceral adipose tissue (VAT) depot (an ‘apple’ 
shape or android distribution) is generally associated 
with a less favourable metabolic phenotype, greater 

inflammation and insulin resistance, and an increased 
risk of T2DM and cardiovascular diseases13. By contrast, 
a distribution where the subcutaneous adipose tissue 
(SAT) depot is preferentially expanded, particularly in 
the lower extremities (‘pear’ shape or gynoid distribu-
tion), is associated with a more favourable metabolic 
phenotype and insulin sensitivity13.

Fat alterations remain an issue in patients receiving 
contemporary cART, compounded by the rising rates of 
obesity globally, and particularly in North America. This 
Primer summarizes the characteristics and mechanisms 
of HIV-​related and ART-​related fat alterations, focusing 
on the current cART era, and discusses the management 
and critical research gaps in the field.

Epidemiology
HIV-​associated wasting
Altered body composition in ART-​naive PLWH before 
the onset of severe CD4+ T cell depletion was recog-
nized early in the HIV epidemic and was characterized 
by lower lean and fat mass than people without HIV. 
In addition, wasting of lean muscle mass and fat was a 
hallmark of AIDS early in the epidemic14,15. In these early 
cases, wasting was defined by a weight loss of >10% of 
pre-​illness maximum weight or weight at <90% of ideal 
body weight for the patient’s gender16,17. In men with 
AIDS, the wasting syndrome was characterized by a dis-
proportionate decrease in lean body mass with relative 
fat sparing, whereas women with AIDS had a progressive 
and disproportionate decrease in body fat relative to lean 
body mass at all severities of wasting18.

Wasting in PLWH was primarily caused by a pro-
found caloric deficit, engendered by reduced energy 
absorption from gastrointestinal barrier dysfunction, 
opportunistic infections, reduced gastrointestinal 
transit time (leading to diarrhoea), increased protein 
turnover (leading to higher catabolism and impaired 
anabolism) and increased energy requirements19,20. 
This negative energy balance reduced adipocyte lipid 
content and size, rather than damaging adipocyte bio-
energetics or altering the stromal vascular fraction.  
As such, the mechanisms of this wasting are considered 
more similar to those of starvation than later descrip-
tions of lipoatrophy early in the cART era. However, 
prior wasting disease was not without consequences. In 
ART-​naive patients, peripheral fat reductions were gen-
erally greater in women than in men21,22 and ART-​naive 
women with prior AIDS-​defining illnesses (infections 
and cancers directly associated with AIDS-​related 
immunodeficiency) had less fat than women without 
such illnesses22.

cART-​related lipoatrophy and lipohypertrophy
In contrast to wasting, the clinical syndrome of lipo
atrophy in patients receiving cART results from damage 
to adipocytes and stromal vascular cells. The lipo
atrophy phenotype was first identified in PLWH who 
received cART triple-​drug therapy, including one first 
​generation PI and two NRTIs (either stavudine or 
zidovudine)23. A high proportion of these patients, up 
to 80% in some surveys, reported a perceived striking 
and stigmatizing change in physical appearance during 
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ART use at the same time that CD4+ T cell count and 
survival increased24.

In some patients, lipoatrophy was observed in associ-
ation with truncal fat accumulation. As previously men-
tioned, many early studies combined the two distinct 
phenomena of lipoatrophy and lipohypertrophy into a 
single ‘lipodystrophy’ phenotype, characterized by broad 
regional changes (generally reduced limb diameter and 
facial wasting with or without abdominal or truncal 
enlargement)25,26. However, problems with this mixed 
definition include the conflation of two distinct syn-
dromes, a reliance on relative proportions (for example, 
reductions in limb diameter suggest increased abdom-
inal girth) and a lack of objective metrics. An objec-
tive definition of the mixed lipodystrophy phenotype, 
based on dual X-​ray absorptiometry (DXA)-​derived fat 
ratios, has not been validated for use in clinical prac-
tice4,27. Thus, most prevalence studies are based on 
clinical evaluations of a patient’s appearance using semi-​ 
quantitative clinical scores such as the Lipodystrophy 
Severity Grading Scale4.

Many earlier surveys assessed a combined pheno-
type of lipoatrophy and/or lipohypertrophy in PLWH 
and estimated a worldwide prevalence of 13–70% 
from the mid-1990s to the early 2000s28. Patient eth-
nicity did not appear to markedly influence the preva-
lence in PLWH, despite differences in susceptibility to  
VAT accumulation in the general population29,30. In 
African countries/regions, lipoatrophy and/or lipo
hypertrophy were reported in ~25% of patients using 
ART, but prevalence ranged from 1–84%31, with higher 
values reported in women than in men, and in per-
sons >40 years of age than in younger persons32. In 
the Asia-​Pacific region, a severe phenotype, defined as 
disfiguring or obvious body shape changes on casual 
visual inspection, was reported in ~10% of PLWH 
using cART and was strongly associated with the use of 
stavudine and older PIs33.

Lipoatrophy
Lipoatrophy prevalence has varied over time and geo-
graphical location owing to the improved knowledge  
of risk factors by HIV caregivers and the introduction of 
newer, less fat-​toxic antiretroviral therapies. In general,  
a loss of ≥30% limb fat (evaluated using DXA) is required 
for lipoatrophy to become clinically evident34 and early 
or subtle forms can be easily overlooked. Diagnosis 
is easier in women (who have higher initial amounts 
of limb fat) than in men (who can have minimal limb 
fat)35. A prospective study and a clinical trial that 
delineated the natural history of lipoatrophy in PLWH 
treated with early thymidine analogue-​containing cART 
reported a biphasic trend, with a general fat gain dur-
ing the first 24–32 weeks after starting cART, in what 
is viewed as a ‘return to health’ phenomenon, followed 
by a median limb fat loss of 13.7% per year, which var-
ied from 1.7% per year for zidovudine–lamivudine to 
19% per year for stavudine–didanosine36,37. The asso-
ciation of thymidine analogue NRTIs with lipoatrophy 
was further supported by its partial or total reversion 
when these drugs were replaced by less toxic NRTIs in 
some patients38. In clinical trials of newer antiretroviral 
agents, the threshold of limb fat loss for the diagnosis 
of lipoatrophy is generally 10–20% and prevalence after  
3 years of therapy is often 5–10% depending on the type 
or class of antiretroviral39.

Owing to the high risk of lipoatrophy with thymi-
dine analogue NRTIs, the WHO issued a statement 
in 2009 that recommends the avoidance of stavudine 
for HIV treatment40. With the near-​universal switch 
to TDF-​based regimens in low-​income countries, it is 
expected that the prevalence of lipoatrophy will decrease 
worldwide as older drug regimens are replaced with 
less toxic alternatives. However, despite the avoidance 
of both zidovudine and stavudine38, the prevalence of 
lipoatrophy is still high among many long-​term ART 
recipients owing to surviving historical cases28.

Indeed, individuals who received thymidine ana-
logue NRTIs as part of older cART regimens often 
have persistent fat alterations several years after ther-
apy discontinuation41,42. Long-​term infected (median 
duration 12.2 years) and cART-​treated PLWH in the 
AGEhIV cohort had higher waist and lower hip cir-
cumferences than people without HIV with similar 
demographic and behavioural characteristics43. In addi-
tion, cumulative prior exposure to stavudine, zidovu-
dine or didanosine was associated with persistent CT 
evidence of decreased SAT and increased abdominal 
VAT in the COCOMO study as well as a higher risk 
of hypertension, high total cholesterol and low HDL 
cholesterol44,45. The increased VAT was greater with 
longer cumulative exposure to thymidine analogue 
NRTIs or didanosine and was observed at all time 
points after discontinuation of the drugs44. Moreover, 
22% patients from the APROCO cohort who were pre-
viously treated with thymidine NRTIs have persistent 
mixed lipoatrophy and/or lipohypertrophy and high 
rates of insulin resistance46. Young adults who were 
infected with HIV during childhood and exposed to 
older-​generation NRTIs are particularly susceptible  
to persistent lipoatrophy after discontinuation and have 

Box 1 | Antiretroviral drugs

The most commonly previously or 
presently used drugs are indicated 
below.

Nucleoside or nucleotide reverse 
transcriptase inhibitors
•	Zidovudine (ZDV), also known as 

azidothymidine (AZT)a

•	Didanosine (DDI)a

•	Stavudine (D4T)a

•	Lamivudine (3TC)a

•	Abacavir (ABC)a

•	Tenofovir disoproxil fumarate (TDF)

•	Tenofovir alafenamide (TAF)

•	Emtricitabine (FTC)

Non-​nucleoside reverse transcriptase 
inhibitors
•	Nevirapine (NVP)a

•	Efavirenz (EFV)a

•	Etravirine (ETR)

•	Rilpivirine (RPV)

•	Doravirine (DOR)

Protease inhibitors
•	Saquinavir (SQV)a

•	Indinavir (IDV)a

•	Ritonavir (RTV)a

•	Nelfinavir (NFV)a

•	Lopinavir (LPV)

•	Atazanavir (ATV)

•	Darunavir (DRV)

Integrase strand transfer inhibitors
•	Raltegravir (RAL)

•	Dolutegravir (DTG)

•	Elvitegravir (EVG)

•	Bictegravir (BIC)

aDenotes first generation antiretroviral 
molecules that were approved by the FDA 
between 1987 and 1998.
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a higher prevalence of fat alteration than age-​paired 
persons from the general population38,47.

Aside from the use of older NRTIs, other risk fac-
tors associated with lipoatrophy include HIV-​related 
factors, such as a low CD4+ T cell count (generally 
<100 cells/mm3) and high plasma HIV1 RNA levels 
(>105 copies/ml) at cART initiation28. For host-​related 
factors, such as age, cut-​offs have been established  
at more than 40 or 50 years and risk has been modelled 
for each 10 years (OR 1.32, 95% CI 1.07–1.63). A higher 
risk of lipoatrophy is also associated with male sex and 
lower fat mass before therapy28.

Lipohypertrophy
In the modern cART era, lipohypertrophy is generally 
observed in the abdomen and trunk48. Up to 70% of 
PLWH receiving cART have increased abdominal fat, 
which is now the most common type of fat alteration in 
these patients37,44,49,50, and risk factors include older age, 
female sex, elevated baseline triglycerides and higher 
baseline body fat percentage51. Generalized weight 
gain (see Generalized fat gain and obesity below) can 
be more difficult to distinguish from lipohypertro-
phy in persons with excess adiposity in the abdomen, 
chest, shoulder and nape of the neck (the android or 
‘apple’ distribution) than those prone to accumula-
tion in the hips, thighs and buttocks (the gynoid or 
‘pear’ distribution). Mechanistically, lipohypertro-
phy is defined by regional increases in adipocyte size 
and/or number and it primarily affects the abdominal 
compartment, including disproportionate increases 
in VAT, dorso-​cervical adipose tissue, breasts and 
supra-​inguinal area, and diversely located lipomas28,52; 
of note, these changes are different to those observed 
with generalized fat gain.

Although lipoatrophy has been linked to specific 
ARTs, the independent risk of lipohypertrophy attrib-
utable to PI or NNRTIs use is difficult to assess as these 
agents were provided in combination with NRTIs48. 
Some studies of later-​generation PIs have reported little 
difference in the size of anatomical areas prone to lipo-
hypertrophy compared with NNRTIs or INSTIs51,53, with 
the possible exception of trunk fat gain with ritonavir- 
​boosted atazanavir54,55. Assessing disproportioned accu-
mulation of adipose tissue, particularly in individuals 
with generalized weight gain and/or obesity, is aided 
by DXA and CT. Indeed, the imaging sub-​study of the 
ACTG study A5257 demonstrated a mean CT-​quantified 
VAT gain of 26% 96 weeks after treatment initiation, 
with a 13% limb fat gain and 20% SAT gain, which did 
not vary significantly between individuals randomized 
to receive raltegravir, ritonavir-​boosted darunavir or 
ritonavir-​boosted atazanavir56. These findings suggest 
a disproportionate gain in VAT compared with SAT 
among persons receiving PIs or an INSTI in combi-
nation with newer-​generation NRTIs. However, in a 
subsequent analysis, women had a greater increase in 
waist circumference on raltegravir versus PIs than men57, 
suggesting sex differences in drug effects.

In long-​term studies of ACTG participants, DXA- 
​quantified lean mass began to decline at 96 weeks after 
ART initiation, which could result in sarcopenia in the 

long term, relative to individuals without HIV, whereas 
trunk fat, associated with adverse metabolic outcomes, 
continued to accumulate at a faster rate than in indi-
viduals without HIV58. Similarly, in studies from the 
Modena HIV Metabolic Clinic, DXA-​quantified trunk 
fat continuously and steadily increased, whilst lean 
mass consistently decreased, in PLWH using long-​term 
cART, which was observed in both men and women and 
across all age groups59. As VAT gains of as little as 5% 
have been associated with an increased risk of metabolic 
syndrome60 and trunk fat accumulation has been associ-
ated with short-​term mortality risk in PLWH61, patients 
with increased trunk adiposity have an increased risk 
of cardiometabolic diseases and could benefit from the 
screening and treatment of cardiovascular and metabolic 
risk factors.

Generalized fat gain and obesity
Weight and generalized fat gain are almost universally 
described following cART initiation, involve limb and 
trunk fat, SAT and VAT, and occur during the first year 
of treatment on all regimens8,9,56. In addition, the preva-
lence of obesity is increasing among PLWH, in particular 
in North America and in sub-​Saharan Africa62,63.

Weight gain following cART initiation could be 
attributable at least in part to a return to health pheno
menon, with a concomitant gain in lean mass, but is 
clearly higher with some individual INSTIs, the new-
est antiretroviral class and TAF than with other ART 
molecules12. In addition, weight gain is associated with 
personal factors, such as sex, genetics and ethnicity41,64. 
Thus, a greater fat gain both in the peripheral and trun-
cal depots, resulting in generalized fat gain, has been 
observed in some individuals receiving INSTIs, both 
in cohort studies and in clinical trials10,41,65-68. Indeed, in  
a large analysis of more than 22,000 treatment-​naive 
PLWH in the multi-​site NA-​ACCORD, individuals who 
initiated INSTI-​based regimens gained an estimated 
mean 5.9 kg after 5 years of treatment, compared with 
3.7 kg among individuals receiving NNRTI-​based regi-
mens and 5.5 kg for those receiving PI-​based regimens69. 
Smaller observational studies have also reported a greater 
weight gain in PLWH initiating INSTI-​containing reg-
imens than in those initiating NNRTI or PI regimens, 
which generally has been greater in women, black 
individuals, and in those with lower weight and CD4+ 
T cell counts before starting ART65,66,68,70. The aetiology 
of weight gain with INSTIs is unclear and may include 
effects on thermogenesis, appetite or energy regulation, 
or perhaps reflect a direct effect or a greater antiretrovi-
ral efficacy of these drugs in adipose tissue71,72 or other 
metabolically active tissue.

In the prospective, randomized ADVANCE study, 
an increased incidence of obesity was observed in 
ART-​naive PLWH in South Africa who initiated dolute-
gravir than in those who initiated an efavirenz-​based 
treatment11, affecting 7% of male patients and 20% of 
female patients initiating a dolutegravir–TAF–FTC 
regimen. Weight gain at 48 weeks was higher in women 
receiving dolutegravir–TAF–FTC (mean increase of 
6.4 kg) than in those initiating dolutegravir–TDF–
FTC (mean increase of 3.2 kg) and women had a 
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higher weight gain than men (mean increase of 4.7 kg 
for dolutegravir–TAF–FTC and 3.0 kg for dolutegra-
vir–TDF–FTC); the reason for this sex difference is 
unknown11. In addition, a pooled analysis of weight gain 
in eight randomized controlled trials of treatment-​naive 
PLWH initiating ART, comprising >5,000 participants, 
reported a higher weight gain at 96 weeks in those 
receiving TAF-​containing regimens than in those receiv-
ing TDF, abacavir or zidovudine after adjusting for age, 
ethnicity, sex, baseline clinical factors and additional 
ART agents12.

Interestingly, the few studies of PLWH who switched 
from NNRTIs or PIs to INSTIs have reported mixed 
results. In a retrospective single-​centre cohort study, 
there was no clear evidence of an overall increase in 
rate of weight gain following a switch to INSTIs in viro-
logically suppressed individuals73. Differences in gen-
der (mainly men) and ethnicity (mainly white) could 
partly explain this result. By contrast, an analysis of 
691 patients with virologic suppression in the ACTG 
A5551 or A5332 studies from 2007 to 2017 found that 
women, black people and persons aged ≥60 years expe-
rienced a greater rate of weight gain in the 2 years after 
a switch to an INSTI-​based regimen than before the 
switch74. Additionally, in the ANRS163 ETRAL study, 
165 persons with viral suppression who switched from 
a PI to raltegravir and etravirine had a 12% increase in 
DXA-​assessed total, trunk and limb fat but not in lean 
mass after 96 weeks75,76. The rate of weight gain is gen-
erally greater with dolutegravir than with elvitegravir or 
raltegravir, and among women, black people and those 
aged ≥60 years74,77.

Ectopic fat depots
Clinically apparent lipohypertrophy is one facet of a 
broader condition of ectopic lipid deposition in PLWH, 
which is also often observed in the liver, epicardial tissue 
and skeletal muscle. Indeed, several studies have demon-
strated increased epicardial fat in cART-​treated PLWH, 
the volume of which is associated with VAT area, insu-
lin resistance, traditional risk factors for atherosclerosis 
and the duration of cART78–80. In addition, intramus-
cular fat accumulation has previously been reported in 
PLWH with lipoatrophy and/or lipohypertrophy81, and 
increased fatty infiltration of the thigh muscle was found 
to be associated with ageing independent of fat distri-
bution82. Increased hepatic fat content has also been 
observed in PLWH with lipoatrophy83 or in those with 
increased central adiposity84. Interestingly, and unique 
to PLWH, a parabolic association between SAT and liver 
fat has been observed, indicating high levels of steatosis 
in people with lipoatrophy and in those with increased 
subcutaneous adiposity83.

Mechanisms/pathophysiology
The mechanisms of fat alterations in PLWH are com-
plex, multifactorial and only partly understood. The role 
of HIV itself is an area of increasing study, whereas the 
effect of ARTs has been proposed since the mid-1990s. 
Immune system activation, either locally or in the gut 
and with resulting inflammation, has also been proposed 
to affect adipocyte health.

Adipose tissue as a reservoir for HIV
Adipose tissue is an important HIV and simian immu-
nodeficiency virus (SIV) reservoir, with the presence of 
latently infected CD4+ T cells and macrophages in both 
SAT and VAT depots from ART-​naive PLWH and SIV- 
​infected macaques85–87. Indeed, replication-competent  
HIV is present in both SAT and VAT CD4+ T cells from 
treated, aviraemic PLWH without clinical fat alterations, 
with a median latent HIV proviral DNA copy num
ber equivalent to that in circulating and mesenteric 
lymph node CD4+ T cells. Additionally, SIV is detected 
within adipose tissue in ART-​suppressed situations85–87  
and HIV/SIV proteins can be detected in the plasma and 
tissues despite virus suppression88,89. Furthermore, SIV 
DNA and RNA are present in stromal vascular fraction 
cells, sorted CD4+ T cells and CD14+ macrophages in 
SAT and VAT from SIV-​infected macaques85,87,90.

Role of the virus
As previously mentioned, many ART-​naive PLWH have 
decreased overall fat mass and can have fat alterations 
affecting both SAT and VAT compartments, suggesting 
that HIV infection per se can affect adipose tissue and 
induce metabolic disturbances22,91,92 (Fig. 1).

ART-​naive patients have a lower SAT volume and 
decreased whole tissue expression of CEPBA and PPARG 
(encoding the major transcription factors C/EBPα and 
PPARγ, respectively, which are important for normal 
adipogenesis and cellular function) compared with 
HIV-​negative controls93,94. Accordingly, the expression  
of pro-​adipogenic genes is also reduced in SAT, includ-
ing markers of lipid storage (LPL (encoding lipo
protein  lipase) and FABP4 (encoding the fatty acid 
transporter 4)) and adipokines with important endo-
crine function (for example, LEP (encoding leptin) and  
ADIPOQ (encoding adiponectin)), together with incre
ased expression of proinflammatory cytokines such as 
IL-6 (refs93,94). In accordance with altered adipose tissue 
function and fat loss in PLWH, adiponectin and leptin 
circulating levels are decreased in ART-​naive PLWH95.

In addition, fat from both cART-​treated and ART-​naive 
PLWH has a decreased mitochondrial DNA (mtDNA)  
content and reduced expression of mitochondria- 
​encoded proteins that are required for adequate adi-
pocyte metabolic function93,94,96. Mitochondrial  
dysfunction is associated with increased reactive oxy-
gen species (ROS) generation by the respiratory chain, 
which can impair adipocyte function and normal lipid 
storage and release97. Interestingly, these effects are not 
dependent on circulating virus levels, as long-​term HIV 
non-​progressors not receiving cART (that is, PLWH 
with very low circulating viral levels and preserved CD4+ 
T cell counts) demonstrate adipocyte mtDNA deple-
tion and similar gene expression changes as observed in 
untreated PLWH with high viral levels94.

Morphological and functional analysis of adipose 
tissue from ART-​naive macaques infected with SIV 
have revealed severe fibrosis in SAT and VAT charac-
terized by collagen VI deposition and high expression 
of the profibrotic factor transforming growth factor-​β 
(TGFβ)98. This fibrosis negatively correlates with adipo-
cyte size and adipogenesis, suggesting that HIV infection 
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per se could reduce adipose tissue expansion, at least in 
some depots. Although there are few data on adipose 
tissue fibrosis in treatment-​naive PLWH, a longitudinal 
study in cART-​treated PLWH with viral suppression 
found that adipose tissue fibrosis (assessed by changes 
in collagen VI and fibronectin deposition) decreased 
over 1 year in adults on cART with viral suppression99.

Latently infected CD4+ T cells and macrophages 
present within adipose tissue are thought to release 
viral proteins locally within adipose tissue and into the 
circulation with locally detectable levels, despite sup-
pression of plasma viraemia by cART. The accessory 
proteins Vpr and Nef and the regulatory protein Tat are  
the main proteins secreted by infected cells and can 
exert bystander effects on neighbouring adipocytes or 
precursor cells and affect adipose tissue metabolism100,101 
(Fig. 2). In vitro studies have been used to evaluate how 
viral proteins affect adipocyte function, although it 
should be noted that these studies generally used viral 
protein concentrations observed in ART-​naive patients 
but which could correspond to concentrations in adi-
pose tissue. In these studies, Vpr and Nef have been 
shown to suppress the activity of the adipocyte master 
regulatory protein PPARγ, leading to decreased expres-
sion of genes involved in the regulation of lipid storage 
(for example, LPL and HSL (encoding hormone sensi-
tive lipase) and FABP4 and CD36, involved in fatty acid 
transport)90,98,102–104. The role of Tat is less clear than 
that of Vpr and Nef, as it can inhibit or promote adipo
genesis depending on the cellular model used98,105,106.  
In some studies, Tat has been shown to induce mito-
chondrial dysfunction, which likely occurs through 
mitochondrial membrane permeabilization and gen-
eration of mitochondrial ROS107. In addition, Tat and 
Nef have been shown to promote the acquisition of a 
profibrotic phenotype characterized by the expression 

of TGFβ and α-​smooth muscle actin (αSMA) and an 
increased production of extracellular matrix com-
ponents such as collagen I, VI and fibronectin, lead-
ing to increased fibrosis, which corresponds with the 
in vivo data from macaques and cART-​treated PLWH98. 
Collectively, these data indicate that HIV infection can 
directly affect adipose tissue function and morphology 
through the action of viral proteins.

Role of adipose immune system
Adipose tissue contains cells of the innate and adaptive 
immune systems that defend against a range of patho
gens, aid in the removal of apoptotic adipocytes and 
other cellular debris, and affect adipocyte regulation as 
well as energy storage and release. Research into obesity 
has established both the malleability and the importance 
of the adipose tissue immune environment for meta-
bolic health and serves as a context to interpret adipose  
tissue changes in PLWH (Fig. 3). Obesity is accompa-
nied by progressive accumulation of CD8+ T cells, CD4+  
T helper 1 (TH1) and TH17 cells, and M1-​phenotype 
proinflammatory macrophages (which are CD68+ and 
produce tumour necrosis factor (TNF), IL-12 and IL-23) 
in adipose tissue, with concomitant reduction of TH2 and 
regulatory T cells108–111. The mechanistic importance  
of these immune changes is demonstrated by animal 
studies showing that experimental depletion of adipose 
tissue CD8+ T cells improves tissue inflammation and 
insulin resistance in obesity110.

Early studies of subcutaneous fat from PLWH receiv-
ing cART with lipoatrophy reported greater adipocyte 
apoptosis, fibrosis and expression of the inflammatory 
markers IL-12, p40, IL-6, IL-8 and macrophage inflam-
matory protein 1α (MIP1α) than in tissue from individ-
uals without HIV, which was thought to be principally  
due to the effects of NRTIs on adipocyte function112. 
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Fig. 1 | Effects of HIV on adipose tissue. HIV-​infected T cells and macrophages can secrete viral proteins, such as  
Tat, Vpr and Nef, that affect proximal adipocytes, resulting in several cellular effects. These effects include mitochondrial 
dysfunction, increased production of extracellular matrix components leading to fibrosis, reduced adipogenesis, decreased 
production of adiponectin and leptin, and increased production of proinflammatory cytokines. αSMA, α-​smooth muscle 
actin; C/EBPα, CCAAT/enhancer-​binding protein-​α; FABP4, fatty acid binding protein 4; LPL, lipoprotein lipase; ROS, 
reactive oxygen species; PPARγ, peroxisome proliferator-​activated receptor-​γ; TGFβ, transforming growth factor-​β;  
TNF, tumour necrosis factor.
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High levels of these cytokines inhibit adipocyte insulin 
signalling by reducing gene expression of IRS1, phospho-
inositide 3-​kinase p85α and GLUT4 (refs113–118). Despite 
the increased inflammatory and macrophage activation 
markers (for example, MIP1α) in adipose tissue from 
PLWH, findings on adipose tissue macrophage den-
sity have been varied112,118. One study reported greater 
apoptosis, fibrosis and macrophage infiltration, reduced 
expression of the genes encoding adiponectin and lep-
tin, and higher IL-6 and TNF in PLWH with peripheral 
lipoatrophy using a PI-​based cART regimen compared 
with people without HIV118. By contrast, another large 
study found that macrophage density did not differ 
between PLWH and individuals without HIV or by 
lipoatrophy status in PLWH, although macrophage 
density was slightly higher in individuals receiving 
zidovudine and stavudine than in those receiving abaca-
vir and tenofovir112. In this study, PLWH with clinically 
evident lipoatrophy had higher HIV-​DNA levels within 
circulating CD14+CD16+ monocytes than in PLWH 
without lipoatrophy, but the mechanisms linking this 
monocyte viral reservoir with fat alteration have yet to 
be elucidated112.

In the current cART era, several studies have reported 
a profound shift in the adipose tissue T cell profile 
towards a CD8+ cell predominance in both PLWH and 
macaques with SIV infection86,119,120, which is intriguing 
given the CD8+ T cell infiltration in obesity and the higher 
rates of metabolic disease in PLWH46,121–123. Interestingly, 
among PLWH seen in a European metabolic diseases 
clinic with a range of fat alteration phenotypes, circulat-
ing CD8+ T cell activation was higher in both patients 
with lipoatrophy and in those with central fat accumu-
lation than in patients without clinically apparent fat 
redistribution124. In addition, CD8+ T cells in SAT from 
PLWH without clinically apparent lipodystrophy have 
increased antigen receptor clonality120, a finding which 
is also reported in animal models of obesity125. This find-
ing could reflect local T cell expansion, although some 
studies have reported a lack of Ki-67 (a marker of prolif-
erating cells) expression and high CD57 (a marker of late 
differentiation or senescence and an indicator of reduced 
replicative capacity) expression on CD8+ cells from adi-
pose tissue of SIV-​infected macaques, which could 
reflect minimal in situ proliferation87,126,127. Interestingly, 
the distribution of CD4+ and CD8+ T cell subsets (naive, 
central memory, effector memory and effector mem-
ory RA+ T cells) was similar in SAT from PLWH with-
out clinically evident lipodystrophy, suggesting that the 
accumulation of CD8+ T cells occurs in a relatively sto-
chastic manner, as opposed to accumulation of one broad 
subset128. Furthermore, the same study found the SAT of 
PLWH with T2DM to be markedly enriched for CD4+ T 
effector memory cells and T effector memory RA cells 
co-​expressing CD57, CX3CR1 and GPR56 compared with 
the SAT of non-​diabetic PLWH, a phenotype which is 
reported to have antiviral specificity129–132.

Role of ART
Several studies have examined SAT morphology and 
function in PLWH and lipodystrophy receiving cART 
(Fig. 2a). The main features in lipoatrophy-​prone SAT 

were a markedly decreased gene and protein expres-
sion of pro-​adipogenic transcription factors, including 
PPARγ, C/EBPα and SREBP1, and of their target genes, 
such as GLUT4 or LPL, compared with HIV-​negative 
controls (although the molecular mechanism of this is 
unknown), leading to decreased adipocyte differenti-
ation and resulting in impaired fatty acid and glucose 
metabolism23,133. Furthermore, probably due to impaired 
adipogenesis, the expression of adiponectin and leptin 
(markers of mature adipocytes) was reduced100,133. 
In addition, chronic low-​grade inflammation has been 
observed in lipoatrophic SAT from PLWH, character-
ized by increased gene and protein expression of proin-
flammatory markers (such as IL-6 and TNF). These 
proinflammatory markers are secreted by infiltrating 
immune cells and stressed adipocytes and are associated 
with increased fibrosis, TGFβ expression and increased 
adipocyte apoptosis118,134–136. SAT loss owing to thymi-
dine NRTIs is accompanied by a shift to a proinflamma-
tory and profibrotic state, which does not fully resolve 
following the removal of these agents48.

Loss of limb fat was more prevalent with older thy-
midine analogues (for example, zidovudine or stavu-
dine) than with newer NRTIs (for example, lamivudine, 
abacavir and tenofovir), and there is evidence that 
the mtDNA haplogroup may influence susceptibil-
ity9,137–143. Older thymidine analogue NRTIs seem to 
inhibit mtDNA polymerase-​γ most strongly, resulting in  
reduced mtDNA replication and content per cell144,145, 
including substantial reductions in the mtDNA content 
of adipocytes138,146,147. Reduced mtDNA levels are prob-
ably responsible for the reduced metabolic flexibility 
of lipoatrophic adipose tissue138,148. The mtDNA hap-
logroup may influence susceptibility to NRTI-​induced 
lipoatrophy142,146,149, with mitochondrial haplogroups H, 
I and K conferring a greater risk of lipoatrophy and 
haplogroups T and W being protective against lipoa
trophy140,141,150. Variation in mtDNA among haplogroups 
is speculated to influence energy production efficiency, 
ROS generation and adipocyte apoptosis. Haplogroup H,  
in particular, is believed to be tightly coupled to ATP 
production and, consequently, to more ROS genera-
tion, whereas haplogroup T is partially uncoupled to 
ATP production, leading to less ROS production140,141,150. 
Oxidative stress has also been proposed to underlie thy-
midine analogue NRTI-​related mitochondrial toxicity 
by inducing mtDNA depletion and subsequent mito-
chondrial energy deficiency, leading to adipocyte loss 
and tissue atrophy150.

In comparison to SAT, only a few studies have eval-
uated the alterations of VAT in ART-​treated PLWH.  
A study comparing PLWH with lipoatrophy and central 
fat accumulation with healthy controls found similar 
mtDNA depletion and abnormal increases in mitochon-
drial protein levels in VAT and SAT from PLWH, whilst 
transcript levels of adipogenesis marker genes, such as 
PPARG and ADIPOQ, were unaltered in VAT but were 
decreased in SAT151. Moreover, SAT from PLWH with 
lipoatrophy had increased glucose uptake, possibly a 
compensatory mechanism for reduced stores on PET 
compared with healthy controls, whereas VAT glu-
cose uptake was the same irrespective of HIV status152. 

	  7NATURE REVIEwS | DISEASE PRIMERS | Article citation ID:            (2020) 6:48 

P r i m e r

0123456789();



Thus, SAT but not VAT from lipodystrophic PLWH 
has an increased metabolic rate (that is, higher rates 
of glucose transport and lipid oxidation), suggesting 
a greater metabolic flexibility for SAT and a capacity 
for expansion for VAT152–154. Molecular analysis of SAT 
from PLWH and lipoatrophy found reduced expression 
of the microRNA-​processing enzyme DICER, which 
is associated with the downregulation of brown and 
beige adipose tissue genes implicated in mitochondrial 

biogenesis such as UCP1 and PPARGC1A154,155. This 
phenotypic change could, in part, explain cART-​related 
increased oxidative stress and mitochondrial toxicity, 
which could also contribute to the metabolic dysreg-
ulation observed in adipose tissue of PLWH. DICER 
expression was strongly and negatively associated with 
the duration of PI use156 (Fig. 2). In addition, the dura-
tion of cART and PI use was linked with the reduced 
expression of brown and beige fat genes that are involved 
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in thermogenesis, which could mediate metabolic com-
plications156. Finally, rodent models have shown that 
thymidine analogue exposure induces greater mtDNA 
depletion in SAT than in VAT, whereas in vitro expo-
sure of adipose tissue to older generation PIs increases 
lipolysis and decreases glyceroneogenesis (a metabolic 
pathway that recycles free fatty acids to triglycerides) in 
SAT but not in VAT153,157.

As previously mentioned, some PLWH have hyper-
trophy of dorsocervical adipose tissue (DCAT; referred 
to as a ‘buffalo hump’), with a prevalence of up to 25% in 
PLWH in the 1990s158. Interestingly, DICER expression 
in SAT is inversely associated with excess DCAT accu-
mulation149. Similar to PLWH with clinical fat alteration, 
DICER adipocyte-​specific knockout mice have reduced 
white adipose tissue depots (lipoatrophy), whitening 
of brown adipose tissue depots, insulin resistance and 
local inflammation159,160. However, although hypertro-
phied DCAT from PLWH has increased fibrosis gene 
expression, studies show less inflammation and less 
disruption of adipogenesis than expected from hyper-
trophied depots161, suggesting that DCAT has different 
characteristics to other fat depots162. The downregula-
tion of DICER in SAT of PLWH may favour a shift to 
a proinflammatory and profibrotic state, limiting the 
capacity for fat browning and storage. Taken as a whole, 
lipohypertrophy, including the enlargement of DCAT, 
in PLWH has been hypothesized to result, in part, from 
impaired energy storage in atrophied, inflamed and 
fibrotic SAT100,163.

A number of in vitro studies have been conducted to 
investigate the individual effect of ART on adipocytes, 
although results from these studies need confirmation 
with clinical data in PLWH. These studies revealed 
effects of PIs and NRTIs on adipogenesis, insulin signal-
ling, adipokine secretion and adipocyte apoptosis23,163. 
As previously mentioned, thymidine analogue NRTIs 

induce mitochondrial toxicity, in part, by inhibiting the 
mtDNA polymerase-​γ138,146,149. The effect of PIs on adi-
pose tissue could result from the inhibition of ZMPSTE24 
(which cleaves prelamin A to lamin A), which could 
lead to defects in lamin A maturation and organization 
and, consequently, to SREBP1 nuclear mislocalization and 
reduced adipogenesis164. Moreover, ZMPSTE24 inhibi-
tion leads to the accumulation of senescence-​associated 
prelamin A, also observed in circulating immune cells 
and in adipose tissue of PLWH161,165,166, causing cellu-
lar senescence and adipocyte dysfunction. PIs could 
also lead to enhanced endoplasmic reticulum stress 
owing to high ROS production, which could also have 
adverse effects on adipocyte function23. Many of these 
cellular alterations are absent or less severe with mod-
ern PIs (such as atazanavir or darunavir)167,168. Among 
NNRTIs, efavirenz can affect in vitro adipogenesis and 
ADIPOQ expression whilst increasing the expression of 
proinflammatory markers169.

Early in vitro studies suggested that the INSTIs 
elvitegravir and raltegravir do not alter adipogenesis of 
cultured adipocytes170–172; however, more recent studies 
of SAT and VAT from INSTI-​treated macaques dis-
played increased fibrosis, adipocyte size and adipogenic 
marker expression (PPARG and CEBPA) compared 
with untreated animals. Similarly, SAT and VAT from 
INSTI-​treated PLWH had a higher level of fibrosis 
than SAT and VAT from non-​INSTI-​treated patients. 
Data from in vitro studies support the biopsy data, as 
dolutegravir and, to a lesser extent, raltegravir increased 
extracellular matrix production and lipid accumula-
tion in human adipose stem cells and/or adipocytes72. 
Despite their pro-​adipogenic effect, INSTIs have also 
been shown to promote oxidative stress and insulin 
resistance72 (Fig. 2b).

Changes in gene expression, such as reduced expres-
sion of brown and beige fat genes (UCP1, PPARGC1A 
and PRDM16)156, has also been reported in SAT from 
INSTI-​treated PLWH and could favour adipocyte hyper-
trophy. In addition, SAT from PLWH who have been 
switched to raltegravir/maraviroc exhibited decreased 
expression of gene pathways linked to immune func-
tion and activation173. One hypothesis would be that, in 
PLWH, INSTIs could alleviate adipocyte stress by pro-
moting hypertrophy and expansion, resulting in fat gain, 
but may also lead to increased oxidative stress, fibrosis 
and insulin resistance.

INSTIs can also have direct or indirect effects on 
food intake through effects on MC4R in the hypothal-
amus10, on thermogenesis and energy regulation156, 
and on the hormonal milieu (as indicated by the pro-
tective level of the anti-​Müllerian hormone against 
raltegravir-​induced fat gain in women with reproduc-
tive activity)76. Moreover, the notable heterogeneity of 
weight gain in PLWH who received INSTIs raises the 
possibility of genetic susceptibility in energy signalling 
or storage pathways. Further clinical studies are needed 
to explore the effects of INSTIs on adipose tissue health 
and globally in vivo.

Adipose tissue can impair the efficacy of cART, 
which can contribute to viral persistence. Indeed, adipo-
cytes can sequester substantial amounts of ARTs inside 

Fig. 2 | Pathophysiological mechanisms involved in HIV-related and ART-related 
adipose tissue alterations and dysfunction. Subcutaneous adipose tissue (SAT) and 
visceral adipose tissue (VAT) alterations are often observed among people living with HIV. 
Some insults to adipose tissue could result from HIV infection. HIV is present in certain 
T cells and macrophages within adipose tissue. HIV proteins, such as Tat, Nef and Vpr, 
released by HIV-​infected immune cells within adipose tissue, can exert bystander effects 
on proximal adipose cells. a | Some alterations can be related to individual antiretroviral 
therapy (ART) molecules among the different classes, in particular thymidine nucleoside 
reverse transcriptase inhibitors (NRTIs), some protease inhibitors (PIs) and non-​NRTIs 
(NNRTIs) such as efavirenz. The development of a profibrotic, proinflammatory and 
anti-​adipogenic environment is more likely in SAT than in VAT. In some cases, adipocyte 
death occurs with surrounding macrophages. Adipocyte stress and dysfunction as a 
result of mitochondrial dysfunction, decreased adiponectin and DICER expression, and 
increased release of proinflammatory cytokines such as IL-6 and tumour necrosis factor 
(TNF) by adipocytes and immune cells could lead to adipocyte insulin resistance and 
storage deficiency, ultimately driving lipid overflow. Thus, SAT deficiency, combined  
with VAT hypertrophy, may convey lipotoxicity, lipid accumulation in the liver, heart, 
vessels, muscles and pancreas, and related comorbidities such as type 2 diabetes 
mellitus, liver steatosis and non-​alcoholic steatohepatitis (NASH), and atherosclerotic 
cardiovascular diseases. b | Alterations at the adipose tissue level induced by some 
integrase strand transfer inhibitors (INSTIs) appear partly different. These molecules can 
induce adipocyte hypertrophy with increased adipogenesis together with increased 
fibrosis and mitochondrial dysfunction, which could result in global fat gain with 
increased SAT and VAT depots as well as in increased peripheral fat. Insulin resistance 
and liver steatosis are expected outcomes. +++, a major effect; ++, an important effect; +, 
a mild effect; ±, the effect is minor or absent.
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the adipocyte lipid droplet, which renders the therapy 
ineffective174. Adipocytes have consistently been shown 
to reduce the antiviral efficacy of TDF and TAF in vitro 
and analysis of adipose tissue from treated PLWH sug-
gests that INSTIs penetrate adipose tissue, whereas the 
penetration of NRTIs is restricted71. Obesity has been 
reported to affect ART plasma exposure but without 
consequence on immunovirological control175.

Role of gut dysbiosis and inflammation
Gastrointestinal dysbiosis (a microbial imbalance or 
maladaptation characterized by underrepresentation 
of typically dominating species and overrepresenta-
tion of normally outcompeted or contained species) 
is emerging as an important contributor to adipose 
tissue dysfunction in PLWH. Alterations in the human 
gut microbiome have been linked to increased risk of 
obesity176, cardiovascular disease177, hypertension178 and 
T2DM179,180, among other conditions.

HIV infection alters the architecture of the intestinal 
wall and the composition of the gut microbiome in PLWH, 
which persists despite effective viral suppression using 
cART and has detrimental effects on mucosal immu-
nity, systemic inflammation and metabolic function181,182.  

The intestinal mucosa undergoes villous atrophy, 
increased enterocyte apoptosis, impairment of tight junc-
tions, impaired B cell function, decreased IgA production 
and depletion of T cells (especially TH17 cells)183, which 
can occur as soon as 2 weeks after infection in SIV-​infected 
macaques184. During the acute infection phase, HIV 
replication depletes 80–90% of gut CD4+ T cells, which 
promotes mucosal inflammation, affects the immune 
response to translocating bacteria and leads to increased 
activated circulating CD8+ T cells185–189. In addition, micro-
bial dysbiosis, predominantly characterized by reduced 
diversity within the microbiota (similar to the findings 
in individuals with obesity), is evident before the onset 
of marked immunosuppression in HIV infection187 and 
persists in chronic infection190–198. Specifically, members 
of the Proteobacteria phyla in the Enterobacteriaceae 
family, including Salmonella, Escherichia, Shigella, 
Klebsiella and Serratia species, are enriched in viraemic, 
untreated PLWH compared with HIV-​negative individu-
als, whereas Bacteroidetes and Firmicutes are reduced199, 
although findings have varied between studies195,200,201. 
cART initiation does not seem to restore the microbiota 
to a pre-​infection community composition202 and could 
actually further reduce diversity192,196.

a Lean, HIV-negative fat b Obese, HIV-negative fat c HIV-positive fat

Capillary

Adipose

M1 macrophage

EosinophilCD4+  T
H
1 cellCD8+ cell NK cell

M2 macrophage
Apoptotic
adipocyteAdipocyte

T
reg

 cell CD4+  T
H
2 cell

HIV DNA HIV RNA

Fig. 3 | Alterations of immunity in adipose tissue from HIV-infected individuals with fat redistribution as compared 
with lean and obese non-infected individuals. a | Adipose tissue from lean individuals is comprised of adipocytes  
and a stromal vascular cell fraction in which CD4+ T cells predominate over CD8+ T cells and are typically polarized 
towards a T helper 2 (TH2) cell cytokine profile. The adipose tissue also contains macrophages characterized by an 
anti-​inflammatory (M2) phenotype, regulatory T (Treg) cells and eosinophils with few natural killer (NK) cells. b | Obese  
adipose tissue is characterized by hypertrophic and more heterogeneous adipocytes, an increased proportion of  
CD8+ T cells with more oligoclonal T cell receptor repertoires, CD4+ T cells polarized towards a TH1 cell cytokine profile 
and fewer Treg cells. In animal models, the influx of CD8+ T cells in obesity promotes recruitment and activation of macro
phages with a proinflammatory (M1) phenotype, some of which surround apoptotic adipocytes. There are fewer eosino-
phils and more NK cells. c | Adipose tissue from (non-​obese) persons with HIV, irrespective of the presence of clinically 
apparent lipodystrophy, demonstrates several similarities but also notable differences with obesity. In HIV and in simian 
immunodeficiency-​infected macaques, adipocytes are similar in size to those in lean, HIV-​negative persons but can 
demonstrate greater heterogeneity and impaired adipogenesis and lipid metabolism. There is a marked enrichment in 
CD8+ T cells over CD4+ T cells but few infiltrating macrophages. The CD4+ T cells are predominantly CD69+, the TH1/TH2 
cell balance is similar to that in lean, HIV-​negative persons, and the number of Treg cells may be similar or increased.  
In HIV and SIV, a notable exception is the presence of latently HIV/SIV-​infected CD4+ T cells capable of producing viral 
proteins and RNA virus.
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The translocation of microbial products promotes 
VAT inflammation203, impairs adipocyte energy han-
dling and has been shown to contribute to the accu-
mulation of visceral fat in the general population203; 
this mechanism has also been suggested in PLWH204. 
Indeed, the translocation of lipopolysaccharide (LPS) 
across the gut wall promotes adipose tissue inflamma-
tion203 owing to the activation of adipose tissue mac-
rophages via the CD14 receptor, causing a shift from an 
M2 to an M1 phenotype, and increases IL-6, TNF and 
other inflammatory cytokine production203. Circulating 
and locally produced VAT TNF promotes further loss 
of tight junction integrity and gut barrier dysfunction 
in a cyclic fashion205. Indeed, in ART-​initiated PLWH 
from the ACTG A5257/A5260s study, gut integrity 
was associated with VAT gain and higher baseline 
intestinal fatty acid-​binding protein levels were associ-
ated with increases in VAT, total body fat and BMI after  
96 weeks204.

A potential role for circulating LPS endotoxaemia 
in adipose tissue expansion is evidenced by animal 
studies demonstrating that a 4-week LPS infusion 
increases body weight and VAT to the same extent as 
a 4-week high-​fat diet regimen and increases insulin 
resistance and expression of inflammatory transcripts 
in adipose tissue203. LPS stimulates the proliferation 
of pre‐adipocytes through a CD14‐dependent mech-
anism205, possibly through activation of JAK/ STAT 
and AMPK via cytosolic phospholipase A2 (ref.206). 

In addition, higher levels of LPS absorbed via chylomi-
crons among persons on high-​fat diets is hypothesized 
to increase adipocyte lipid uptake in obesity206, although 
a similar link between LPS inclusion in lipid droplets 
and adipocyte hypertrophy in the context of HIV-​related 
dysbiosis and gut barrier dysfunction requires further 
investigation. It should be noted that, although gut 
dysbiosis and impaired mucosal barrier function have 
been observed in PLWH, the mechanistic linkages 
and the directionality of this association are not fully 
understood195,207.

Diagnosis, screening and prevention
Diagnosis and clinical assessment
The diagnosis of fat alterations in PLWH is primarily 
based on clinical assessment, patient medical history and 
patient self-​report208. Indeed, both regional and gener-
alized accumulation or loss of fat mass beyond what is 
expected for age-​related changes in body composition 
according to local standards is sufficient for diagnosis 
(Fig. 4). Diagnosis of lipoatrophy or lipohypertrophy 
may lead to a need for screening for additional health 
problems, such as T2DM and dyslipidaemia, owing to 
the well-​described associations between these metabolic 
disturbances and the presence of lipoatrophy and/or 
lipohypertrophy.

In general, the diagnosis of lipoatrophy, particularly 
of the face and periphery, is performed via visual inspec-
tion. Skinfold thickness measurement can be used for 
research purposes but is rarely used in clinic practice 
owing to its poor additional clinical usefulness.

Lipohypertrophy specifically refers to localized abnor-
mal fat accumulation on physical examination or imag-
ing, most frequently of the VAT, breasts, DCAT and/or  
as discrete accumulations under the skin (lipomas). 
Lipohypertrophy can occur in one or more regions 
simultaneously, with or without concurrent peripheral 
lipoatrophy. Importantly, the clinical assessment of lipo-
hypertrophy can be complicated by concomitant obe-
sity in PLWH. Obesity is traditionally defined as a BMI 
>30 kg/m2; however, low muscle mass and increased 
VAT to BMI ratios209–211, both of which are common 
in PLWH, can lead to underestimations of regional 
and generalized adiposity. A personal history or family 
history of obesity and diffuse fat distribution can sup-
port the diagnosis of generalized obesity in PLWH, 
whereas the diagnosis of lipohypertrophy can be sup-
ported by regional truncal or visceral fat accumulation. 
Of note, lipohypertrophy is typically clinically visible 
at least 1–2 years after the commencement of cART212. 
Although most standardized lipohypertrophy defini-
tions include radiographic assessment of fat quantity4, 
the use of imaging is generally restricted to research 
settings213–215. In addition, cohorts used to generate the 
definitions of lipohypertrophy were predominantly 
comprised of PLWH who received early-​generation 
NRTIs and, therefore, had a high prevalence of lipoatro-
phy with concomitant lipohypertrophy216, meaning that 
the validity of these definitions in the present ART era is 
unknown. Of note, the gain of fat reported with INSTI 
use is generalized in most patients and is not defined as 
lipohypertrophy.

ca b

d e f

Fig. 4 | Manifestations of ART-associated fat alterations. Facial lipoatrophy related  
to thymidine nucleoside reverse transcriptase inhibitors (part a). Limb lipoatrophy 
related to thymidine nucleoside reverse transcriptase inhibitors (part b). Abdominal  
lipohypertrophy (part c). Buffalo hump (part d). Fat gain leading to obesity in a patient 
treated with an integrase strand transfer inhibitor (parts e and f). ART, antiretroviral 
therapy.
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In clinical practice, body weight and BMI should be 
tracked at least once per year in PLWH. In addition, as 
BMI can underestimate adiposity in PLWH, measure-
ment of waist circumference is also recommended at 
least annually217,218. A minimum waist circumference of 
≥94 cm in women and ≥95 cm in men correlates with 
a VAT area of ≥130 cm2, which is a validated threshold 
for increased cardiometabolic risk219,220, although these 
values have not been validated in PLWH. The causes of 
lipohypertrophy are not fully understood and are likely 
multifactorial. Generalized obesity and central lipo
hypertrophy can overlap in an ageing population with 
traditional and HIV/ART-​specific risk factors, which 
can confound the diagnosis of lipohypertrophy.

Prevention
HIV seeding into fat is believed to occur early in HIV 
infection, and initiation of cART during acute HIV infec-
tion, which has been shown to decrease other HIV tis-
sue reservoirs221,222, could limit HIV-​induced adipose 
tissue dysfunction. In addition, the use of ARTs with bet-
ter adipose tissue penetration, such as INSTIs, might also 
help reduce reservoir size and, potentially, HIV-​associated 
fat depot disturbances. However, the use of INSTIs should 
be balanced against evidence that some INSTIs increase 
fat mass11,59. Earlier cART initiation also avoids progres-
sion of HIV disease, the severity of which has been asso-
ciated with the presence of lipodystrophy4,33,223 and with 
greater weight gain following ART initiation12,65.

The avoidance of older ARTs that can induce lipo
atrophy and central lipohypertrophy is also warranted 
to try and prevent fat alterations, whenever possible.  
In addition, close monitoring of weight gain and aggres-
sive lifestyle interventions, such as healthy diet and 
regular exercise, could prevent the aggravation of lipo-
hypertrophy by obesity and monitoring of waist circum-
ference could allow earlier introduction of therapies to 
reduce VAT in PLWH. With improved understanding 
of how to reduce chronic inflammation, immune acti-
vation and gut barrier disruption in PLWH, new oppor-
tunities to prevent the contribution of these factors to 
lipodystrophy may emerge.

Management
Adopting a healthy lifestyle is the most effective and 
safest means to prevent and treat abdominal obesity 
in PLWH. This lifestyle should form part of the rou-
tine management strategy for all PLWH, particularly 
as overweight and obesity is increasingly common in 
the general population62,224. Judicious use of pharma-
cotherapy, including approved weight-​reducing drugs 
and tesamorelin in appropriate individuals, can be effec-
tive, although patients should be carefully monitored 
as the long-​term benefits and adverse effects remain 
uncertain.

Lipoatrophy
Facial lipoatrophy in patients treated with thymi-
dine NRTIs is only partially reversed when patients 
undergo medication switching to remove the respon-
sible drugs and may take months or longer to become 
clinically apparent225,226. Some patients with persistent 

lipoatrophy may benefit from plastic surgery. Initially, 
the patient’s SAT was injected into the cheeks using the  
Coleman technique, but injection of poly-​l-​lactic acid 
has the highest efficacy in published studies and is FDA 
approved. In addition, poly-​l-​lactic acid is less fre-
quently associated with local infection and poor patient 
satisfaction, is more durable and may improve quality 
of life (QOL). Calcium hydroxyapatite, which is also 
FDA approved, and hyaluronic acid, among other prod-
ucts, are also used but have less supporting evidence227; 
re-​injection may be required within 1–2 years and can 
need further repetition41,228.

Abdominal obesity
The most common type of fat alteration in the current 
cART era in PLWH is central adiposity. Management 
of central adiposity in the general population is com-
plicated and has an uncertain long-​term efficacy. This 
management includes adopting a reduced-​calorie diet 
and a sustained exercise programme, and can decrease 
total fat and VAT quantity in the short term as well as 
the risk of developing T2DM and cardiovascular dis-
ease229. Similarly, the management of abdominal obesity 
in PLWH is also challenging. PLWH with abdominal 
obesity should undertake regular exercise and con-
sume a healthy diet, although the long-​term efficacy of 
these strategies in this population remains to be proven. 
Medication switching from a PI associated with abdom-
inal obesity to either a non-​NRTI or a PI with fewer 
associated fat mass complications is generally not effec-
tive in reducing VAT212. Whether INSTI-​associated 
weight gain is related to increased clinical risks or is 
reversible is unknown. Accordingly, it is important to 
evaluate the reversibility of the effect of INSTIs and 
propose switching from these drugs as a therapeutic 
strategy.

Pharmacological therapy. Pharmacotherapy for the 
treatment of generalized obesity is effective in the gen-
eral population but the long-​term benefits of weight-​
reducing drugs remains controversial as their ability to 
substantially reduce VAT is uncertain and adverse effects 
are common230.

The GLP1 agonist liraglutide is effective in reduc-
ing weight in individuals with obesity with or without 
T2DM231 and is associated with a reduction in the fre-
quency of cardiovascular events in patients with T2DM232.  
However, this drug class has not been evaluated in 
PLWH. The insulin-​sensitizing drug metformin causes 
a 10% reduction of VAT in PLWH with lipohypertrophy 
but is associated with worsening peripheral lipoatrophy 
in patients with mixed body shape phenotypes (that is, 
those with both lipoatrophy and lipohypertrophy)233. 
Whether metformin is effective in PLWH with glucose 
homeostasis abnormalities and abdominal obesity but 
without peripheral lipoatrophy has not been assessed. 
One study of recombinant leptin significantly decreased 
VAT in PLWH234. Testosterone replacement can decrease 
total fat mass in the general population but has an uncer-
tain effect on reducing VAT and may increase cardio-
vascular disease risk in men >65 years of age235. In one 
study, testosterone replacement in hypogonadal male 
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PLWH decreased DXA-​derived trunk fat although 
there was no change in VAT assessed using CT, reflect-
ing the need for accurate imaging modalities to assess 
therapeutic responses236. The treatments described above 
are not generally recommended for the management of 
abdominal obesity in PLWH.

Modulation of the growth hormone axis
HIV-​negative (non-​infected) persons with endocrine 
disorders associated with abdominal obesity, including 
growth hormone deficiency (GHD) and hypogonadism, 
can benefit from growth hormone (GH) replacement. 
GH treatment has also been studied in people with 
abdominal obesity without GHD237–239. However, these 
studies are limited by short durations and infrequent 
use of accurate abdominal fat assessments. Indeed, 
although GH treatment reduced VAT in patients with 
GHD and abdominal obesity, follow-​up has generally 
been too short to determine whether this effect is sus-
tained and whether the risk of cardiovascular disease 
is reduced240.

Despite the limitations of these studies, owing to 
the short-​term benefits of treatment in seronegative 
persons with GHD and the documented abnormali-
ties of the GH/insulin-​like growth factor 1 (IGF1) axis 
in treated PLWH241, GH replacement has also been 
studied in PLWH. GH/IGF1 disturbances in PLWH 
include a reduction in mean overnight GH levels result-
ing from decreased GH pulse amplitude, pulse width 
and trough GH levels, with no change in pulse fre-
quency, and decreased GH response to GH-​releasing 
hormone-​arginine stimulation. Furthermore, they 
are closely related to increased visceral adiposity242,243. 
In these studies, recombinant human GH signifi-
cantly decreased VAT in the short-​term compared 
with placebo244,245; however, glucose homeostasis was 
impaired and higher SAT reductions were observed in 
patients with baseline lipoatrophy than in those with-
out lipoatrophy. These limitations were not affected by 
changing dosing schedules229,245. In addition, although  
VAT decreased with treatment, it returned to baseline 
levels following drug cessation. Based on the results  
of these trials, GH is not approved for the treatment of 
abdominal obesity in PLWH.

Other therapies targeting the GH pathway have been 
evaluated for the treatment of abdominal obesity in 
PLWH. GH-​releasing factor (GHRF) has been shown to 
restore physiological control of GH secretion, maintain 
normal negative feedback of IGF1 on GH release, and 
limit GH-​related toxicities in PLWH and lipohypertro-
phy246. In addition, synthetic GHRF was associated with 
increased baseline IGF1 levels within the normal range 
and with reductions in DXA-​assessed trunk fat, albeit 
with a non-​significant reduction in CT-​assessed VAT of 
9%, in male PLWH with increased VAT (CT-​assessed 
VAT of 180 cm2)247.

Tesamorelin, a synthetic human GHRF248, was 
demonstrated to decrease DXA-​trunk fat by 9.2% 
and CT-​assessed VAT by 15.7% compared with pla-
cebo in treated PLWH with abdominal obesity (diag-
nosed using anthropometric parameters associated 
with increased VAT in seronegative individuals219), 

impaired fasting glycaemia or diet-​controlled T2DM. 
Importantly, SAT did not change between groups. No 
participants with baseline impaired fasting glycaemia 
developed T2DM. Interestingly, tesamorelin did not 
affect glucose homeostasis in HIV-​seronegative persons 
without T2DM249.

In a pooled analysis of two studies of tesamorelin 
in PLWH with abdominal obesity250,251, VAT decreased 
by 15.4% in patients treated with tesamorelin, with an 
increase in IGF1 levels within the physiological range, 
reduced baseline triglycerides and a reduced total cho-
lesterol to HDL cholesterol ratio in those who received 
tesamorelin compared with placebo251. In addition,  
a minimal increase in HbA1c of unknown significance 
occurred in patients who received tesamorelin. Further
more, QOL was reduced in persons on placebo and 
remained unchanged in treated participants251. During 
the 26-​week extension phase of the trial, treated persons 
maintained the VAT reduction and improvements in 
trunk fat, waist circumference, triglycerides and IGF1. 
By contrast, VAT and trunk fat returned to baseline 
levels within 3 months in individuals who received 
tesamorelin during the first phase of the trial, but who 
switched to placebo during the extension phase. Adverse 
events were similar between groups251,252. Overall, ~66% 
of tesamorelin-​treated PLWH achieved a significant 
reduction of VAT. Further studies of tesamorelin have 
demonstrated that improvements in metabolic param-
eters (including triglyceride and adiponectin levels) and 
inflammatory markers (including a reduction in tissue 
plasminogen activator levels) were more likely to occur 
in tesamorelin responders than in non-​responders253,254. 
Moreover, tesamorelin has also been shown to reduce 
liver fat and pretreatment elevated transaminases in 
responders255,256. Indeed, one study showed a signif-
icant reduction of hepatic fat and prevention of pro-
gression of fibrosis, without improvement in existing 
fibrosis, in treated PLWH with hepatic steatosis257. 
This finding is important as liver fibrosis is a predic-
tor of mortality in persons with NAFLD, an emerging 
non-​AIDS complication in PLWH258. Although partic-
ipants in this trial were not selected for the presence of 
increased VAT, VAT was increased in all participants 
and decreased with treatment; 60–70% of all partici-
pants were receiving INSTI-​based regimens, but it 
was not possible to differentiate responses between 
individuals who had previously received other cART 
regimens versus those only on currently recommended  
first-​line drugs.

Tesamorelin is the only drug approved for the reduc-
tion of excess abdominal fat in PLWH with lipohyper-
trophy and is licensed in the USA, Canada and several 
other countries. Follow-​up studies will clarify whether 
supraphysiological IGF1 levels are associated with 
increased cancer risk, as has been suggested for people 
without HIV259. However, the risk of cancer with tesa-
morelin may be low, as IGF1 generally increases within 
the normal range, and GH replacement in seronegative 
persons with GHD showed no association with malig-
nancy if IGF1 levels remained within normal age-​related 
ranges260. Tesamorelin discontinuation is recommended 
in PLWH if IGF1 levels increase persistently by more 
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than three standard deviations (Theratechnologies).  
In addition, tesamorelin cessation should be considered 
if de novo impaired glucose tolerance or T2DM devel-
ops. The long-​term effects of tesamorelin on cardio
metabolic outcomes, the optimal treatment duration 
and options for the long-​term maintenance of decreased 
VAT are unknown.

Surgery for weight reduction and buffalo hump
Bariatric and metabolic surgery for individuals with severe 
obesity in the general population leads to improved long- 
​term survival and QOL as well as to sustained weight 
loss and amelioration of obesity-​related comorbidities261. 
Studies of bariatric surgery for severe generalized obe-
sity (BMI >40 kg/m2) in PLWH are limited to small series 
and have reported uncertain effects on VAT. However, 
bariatric surgery might be effective for weight loss and 
to decrease metabolic complications in some patients262. 
After bariatric surgery, some cART-​treated PLWH can 
have a detectable viral load and decreased exposure to 
some antiretroviral drugs and should be closely moni-
tored after surgery263. The role of surgery specifically to 
remove excess VAT is unclear, with potential beneficial 
effects on weight but not metabolic health or adipokine 
secretion264,265.

Surgical lipectomy for functional or clinical indi-
cations of enlarged DCAT has been reported in small 
series with acceptable results and with at least 2 years 
of follow-​up, although caution is urged because of 
increased recurrence rates266–268.

Quality of life
PLWH must be engaged in the cascade of HIV care 
to fully benefit from cART. In 2014, the Joint United 
Nations Program on HIV and AIDS set up the ‘90-90-
90’ targets to be achieved by 2020 (90-90-90: treatment 
for all) (that is, 90% of PLWH diagnosed early after 
infection, 90% linked and retained in care, and 90% 
receiving and adhering to effective therapy). In 2018, 
~79% of PLWH knew their HIV status, 78% of those 
who knew their HIV status were accessing treatment and 
86% of PLWH who were accessing treatment were virally 
suppressed, therefore keeping them alive and well and 

preventing transmission of the virus269. Therefore, major 
progress has been made but there is still an important 
gap to reach the objectives.

Notably, the ‘90-90-90’ targets are public health 
objectives and fail to address the health of PLWH as 
defined by the WHO as “a state of complete physical, 
mental and social well-​being and not merely the absence 
of disease or infirmity”. Indeed, some individuals argue 
that there is an urgent need to contend with other chal-
lenges, including non-​communicable diseases, mental 
health and HIV-​related discrimination, and have pro-
posed a fourth ‘90’ of achieving good health-​related 
QOL (HRQOL) among 90% of those successfully treated 
for HIV270 (Fig. 5).

Several QOL changes have been reported in PLWH. 
Indeed, PLWH with viral suppression have reported 
high levels of fatigue or energy loss, insomnia, sadness 
or depression, sexual dysfunction, and changes in body 
appearance, among other symptoms271. Lipoatrophy and 
lipohypertrophy have been associated with depression in 
adults as well as in older children and adolescents272,273. 
In addition, one cross-​sectional study comparing >3,000 
PLWH with >7,000 members of the general population 
in the UK reported that HRQOL scores were signifi-
cantly lower in PLWH and remained low in those with 
viral suppression274.

After the advent of effective cART in the mid-​to- 
​late 1990s, lipodystrophy was generally considered as 
an unavoidable adverse effect of life-​saving therapies. 
Of the fat alterations in PLWH, facial lipoatrophy is 
particularly stigmatizing and is suggestive of the use 
of anti-​HIV drugs275,276. However, studies specifically 
assessing the effect of fat alterations on HRQOL are  
scarce, particularly in children (Box 2), and the available 
QOL instruments do not allow a comparative assess-
ment across countries, studies and populations. The 
most frequently used instruments used to assess QOL 
(such as the Short Form 36 (SF-36)277, the EuroQoL 5 
Domains (EQ-5D)274 or the Medical Outcomes Study 
in Health Survey (MOS-​HIV)278) do not specifically 
assess the effect of body composition changes; however,  
some QOL assessment tools specifically include ques-
tions regarding lipodystrophy, such as the lipodystrophy- 
​specific Assessment of Body Change and Distress 
(ABCD)279 and the HIV/AIDS-​Targeted Quality of 
Life (HAT-​QoL)280. Assessing HRQOL is challeng-
ing as it is subjective, multifaceted and includes psy-
chological, physical, social and personal outcomes281. 
Interestingly, although most data from Brazil, Europe 
and the USA have suggested a negative effect of lipodys-
trophy on QOL282–285, this effect was not observed in one 
cross-​sectional, hospital-​based evaluation in Ethiopia286. 
By contrast, one study in Spain indicated that lipod-
ystrophy is associated with social isolation, even years 
after the HIV diagnosis287. The negative effect of body 
fat changes seems to be even more critical in women 
whose self-​perception of these changes was closely 
associated with a decrease in QOL288,289. However, 
one review of 23 studies demonstrated that the use 
of facial fillers and autologous fat transfer (Coleman 
intervention) were associated with improved QOL 
patient scores in PLWH281.

90%
Diagnosed 90%

On treatment
90%

Virally
suppressed

90%
Good

health-related
quality of life

Fig. 5 | The ‘fourth 90’: proposed revision to the UNAIDS 90-90-90 targets. The Joint 
United Nations Program on HIV and AIDS set up the ‘90-90-90’ targets to be achieved  
by 2020 (90% of people living with HIV diagnosed early, 90% linked and retained in care, 
and 90% receive and adhere to effective therapy). Lazarus et al. argue that there is an 
urgent need to contend with other challenges, including non-​communicable diseases, 
mental health or HIV-​related discrimination, and have proposed a fourth ‘90’, that of 
achieving good health-​related quality of life among 90% of those successfully treated  
for HIV270. Adapted from ref.270, CC BY 4.0 (https://creativecommons.org/licenses/
by/4.0/).
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Outlook
Despite advances in our understanding of the patho-
genesis, consequences and treatment of fat alterations 
in PLWH, there is still much to be learned and new 
challenges have arisen that must be addressed in future 
research studies.

Effect of HIV on adipose function
Systemic inflammation and bacterial translocation 
in the gut lymphoid tissue, which may be influenced 
by changes in the gut microbiome, are likely impor-
tant mechanisms for adipose dysfunction in PLWH. 
Improved understanding of the molecular mechanisms 
underlying these pathways could lead to targeted strat-
egies to treat fat alterations in PLWH. In addition, the 
recognition of adipose tissue as a reservoir for HIV could 
have important consequences for the functional cure of 
HIV infection. Future studies that aim to alter the gut 
microbiota in PLWH, reduce bacterial translocation or 
affect systemic inflammation should also determine their 
effects on adipose function, including adipokine and 
cytokine secretion and free fatty acid uptake and release. 
In addition, strategies to eradicate HIV should also focus 
on HIV persistence in adipose tissue. Conversely, strate-
gies aimed at decreasing fat mass and improving adipose 
function in PLWH should also assess the potential effects 
on the HIV reservoir in fat.

Effect of cART on fat
Although the metabolic adverse effects of antiretroviral 
therapies have improved markedly over the past 20 years, 
newer, well-​tolerated medications, such as INSTIs and 
TAF, have been shown to lead to more weight gain than 
other agents. This finding poses challenges in the clini
cal care of PLWH given the efficacy, low toxicity and 
popularity of these medications. Accordingly, research 
evaluating the magnitude of these changes is important 
in addition to determining which patients are most likely 
to be affected (for example, the use of early biomarkers 
or demographic or clinical data) and the clinical conse-
quences. Furthermore, strategies investigating the effect 
of switching from INSTIs or TAF on adipose volume 
and function in virally suppressed PLWH who have 
substantial fat alterations should be evaluated.

Understanding the changes in adipose tissue during 
the first 2 years after cART initiation and evaluation 
of the strategies to prevent this weight gain are also criti
cal research topics. Prevention strategies could include 
patient counselling before cART initiation and other 
behavioural approaches, adjunctive medications or 
avoidance of ARTs most associated with weight gain in 
those at the highest risk. In addition, it has been suggested 
that HIV and some ARTs can induce fat fibrosis; thus, 
determining the reversibility of this fibrosis and, if partial, 
the possible remaining irreversible scar of adipose tissue, 
is essential.

Ectopic fat in HIV and its health consequences
As previously mentioned, ectopic expansion of fat 
deposits can also occur disproportionately in PLWH. 
Pancreatic and myocardial fat deposits in PLWH have 
not been well studied and require further research.  

By contrast, liver fat (NAFLD or non-​alcoholic steato-
hepatitis) continue to be a major focus of research, with 
several on-​going trials (NCT03129113, NCT03913351, 
NCT03669133 and NCT02196831).

Adipose alterations in an ageing HIV population
In the general population, ageing is associated with 
increases in VAT, losses in SAT and accumulation of fat 
in ectopic sites. These fat changes are thought to be a 
major source of inflammation and immune activation 
and have a similar phenotype to those seen in PLWH. 
For older (generally >50 years of age) PLWH, these fat 
changes have been associated with physical frailty and 
cognitive decline290–292, suggesting that reversing fat 
alterations in older PLWH could also reduce the bur-
den of these ageing-​related comorbidities. Based on 
this hypothesis, trials investigating the effects of tesa-
morelin (NCT02572323), the GLP1 analogue liraglu-
tide (NCT02743598) and exercise (NCT02663934) on 
cognitive function in PLWH are ongoing.

Fat changes in low-/middle-​income countries
Most cases of HIV are in low-​income and middle- 
​income countries. In these countries, improvements 
in health care, sanitation and food availability have led 
to increases in lifespan among the general population, 
although urbanization and adoption of the Western 
(high-​calorie) diet have led to increasing rates of obesity 
and obesity-​related conditions293. In the context of these 
changes, PLWH in low-​income and middle-​income 
countries are surviving for longer where cART is avail-
able and are increasingly receiving new medications 
that are associated with weight gain (such as INSTIs).  
The next phase of research into this area will involve 
understanding both the global burden of obesity in 
PLWH and its consequences.

Published online xx xx xxxx

Box 2 | Fat alterations in children with HIV

Although children with HIV are commonly affected  
by body fat changes, studies assessing the effect of  
these changes using quality-​of-​life (QOL) tools are 
scarce. Disfigurement294, HIV status disclosure295 and 
stigmatization are commonly reported concerns in 
observational cohorts. Indeed, disclosure concerns have 
been suggested as a relevant target for interventions  
to decrease HIV-​related stigma and increase health- 
​related QOL in children. Body fat changes that affect the 
growth and well-​being of children are well known and 
have a significant impact on the mental health of older 
children and adolescents, leading to poor self-​image, 
depression and subsequent poor adherence to therapy273. 
However, QOL tools have not been specifically used to 
assess the effect of body fat changes in children. Every 
effort should be made to use antiretroviral therapies with 
no or limited fat toxicity. Owing to the delay of almost  
5 years in the commercialization of a new drug and its 
license for use in children, children have been neglected 
with regard to drug innovation and have been exposed 
to offending drugs and, therefore, to drug-​related 
adverse events296.
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